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(TRILOBITA) FROM CORNWALLIS 
ISLAND AND NEW YORK STATE! 
B. WHITTINGTON 


Museum of Comparative Zoology at Harvard College, Cambridge, Mass. 


\BSTRACT 


the disarticuiated material of one is silicihed. 
and the development from the late meraspid on- 
The second species lacks marginal spines on larger pygidia. Both species are 


exoskeleton is revealed in detail, 
ward. 


Neither of the two new species from the Upper Silurian of Cornwallis 
Island, Northwest Territories, Canada, is represented by a complete specimen, but 


The morphology of the holz ispid 


like H. ptyonurus from the Upper Silurian of New York State, the original mz terial 


of which is redescribed. 


differing in some respects from the type and like species. 


The three species belong to a group of He miarges species 


The distinctive characters 


of the exoskeleton are combined in so many different ways in Hemiarges species, 
however, that subdivisions of the genus are not now practicable. 


INTRODUCTION 

URING the summer of 1959 Mr. Allen R. 

Ormiston collected parts of trilobite 
exoskeletons with other fossils from Upper 
Silurian rocks exposed at Cape Phillips, on 
the northeastern shore of Cornwallis Island, 
Northwest Territories, Canada. The trilo- 
bite material was submitted to me for study, 
and I inquired of Dr. R. Thorsteinsson, 
author of a recent account of the stratig- 
raphy of Cornwallis Island, whether he had 
obtained any trilobites from Upper Silurian 
rocks. As a result of my inquiry, and with 
the generous permission of officials of the 
Geological Survey of Canada, the silicified 
material described in the following pages 
was also sent to me. I regard it as belonging 
to a species of Hemiarges distinct from that 


' A portion of the cost of the plates in this paper 
was borne by the author. 
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found by Mr. Ormiston. 
(1958, p. 577) the only Silurian species of 


According to Tripp 


Hemiarges known from North America is 
one described by Hall and Clarke from New 
York State. The original material is rede- 
scribed here, and is a species not unlike those 
from Cornwallis Island. Some affinity is thus 
Arctic and New York 
Relation- 
ships between the shelly 
faunas and North 
America are not particularly evident from 
the studies reported on by 
(1958, p. 70-74). 

I am indebted to the gentlemen men- 
tioned for encouraging me to study this 
material, and to Mr. Clinton F. Kilfoyle for 
the loan of type material from the New York 
State Museum (NYSM). The initials GSC 
precede catalogue numbers of the Geological 


suggested between the 
State Upper Silurian trilobites. 
Arctic Silurian 
those farther south in 


Thorsteinsson 
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of Canada, MCZ those of the Mu- 
seum of Comparative Zoology, Harvard 
University. Ronald P. Tripp has been most 
helpful in discussing the taxonomy of the 
Hemiarges group, and in lending me photo 
graphs of various British species. Miss Susan 
Fenollosa made the enlargements from my 
negatives and aided in preparing the plates. 


Survey 


MORPHOLOGY AND TERMINOLOGY 


Terminology applicable to lichids was 
discussed by Tripp (1957, p. 105, text-fig. 1 

and Harrington, Moore & Stubblefield (7 
Moore, 1959, p. 0117-0126). Here the term 
glabella is used to include the occipital ring. 
In lichids the glabella in front of the occipi 

tal ring is divided by longitudinal furrows, 
which run back from the inner end of lateral 
vlabellar furrow 3p, into a median lobe (or 
central area) and lateral lobes. In the species 
of Hemiarges discussed below two large 
lateral lobes are evident, separated by a 
deep, outward and slightly forwardly di- 
rected lateral glabellar furrow, Ip. The lobe 
in front of this furrow is the bicomposite 
lobe, formed by the fusion of lateral glabellar 
lobes 2p and 3p. In //. ormistoni, n. sp. (pl. 
57, fig. 29), there is an indentation in the 
longitudinal furrow at about the mid-length 
of the bicomposite lobe, and this indentation 
probably indicates the position of the inner 
end of lateral glabellar furrow 2p. The lobe 
behind lateral glabellar furrow 1p is here 
called the posterior (or basal) lateral glabel 

lar lobe (pl. 55, figs. 1,12; pl. 56, fig. 23), is 
subcircular in outline and convex. The axial 
furrow between this lobe and the eye lobe is 
shallow, and posterolaterally its course pre 
sumably follows the sharp change in slope 
between the lobe and the fixed cheek. There 
is no indication of an occipital lobe, so pre- 
sumably in these species this lobe is com- 
pletely fused with the basal lateral lobe. 
That part of the median glabellar lobe lying 
between the basal lateral lobes is relatively 
depressed, particularly along a transverse 
line which lies just behind the junction of the 
longitudinal and lateral furrows Ip. In //. 
aquilonius n. sp. (pl. 56, figs. 23,26) this 
depression is marked, and gives the appear 
ance that ‘“‘the posterior lateral furrows are 
median lobe of the 


connected across the 


glabella”’ (Tripp, 1957, p. 117). 


WHITTINGTON 


SYSTEMATIC PALAEONTOLOGY 


Family LicHipDAE Hawle & Corda, 1847 
Subfamily CERATARGINAE Tripp, 1957 
Genus HEMIARGES Giirich, 1901 


Discussion —Tripp (1957; 1958; 1959, in 
Moore, p. 0495-0504) has recently given a 
new classification of this family and dis 
cussed both the stratigraphical and geo 
graphical distribution of the species and 
their evolution. He conceived of the genera 
broadly, and placed Richterarges and Chonet 
lobarges of Phleger, 1936, in the synonymy of 
Hemiarges. The type species of //emiarges is 
ensis (Schmidt, 1885, p. 44-46, 
.4?; Opik, 1937, p. 63-64, pl. 22, 

text-fig. 18; Tripp, 1957, text-tig. 5], 
left side), from the Upper Ordovician of 
Estonia. In this species only the inner part of 


. wesende) 


au 
) 


lateral glabellar furrow 1p is present, so that 
the bicomposite lobe is partially confluent 
with lateral lobe 1p, the longitudinal furrows 
convex in 


form a curve that is moderately 


wards so that the median glabellar lobe is 
narrowest at about the mid-length, the oc 
cipital lobes are partially defined, and the 
eve lobe is situated well out on the cheek, the 
mid-point in advance of lateral glabellar 
furrow 1p. This species, and others like it 
from the Ordovician and Silurian of Europe 
and North America, are thus different from 
those described here. In these specimens (pl. 
1,12; pl. 56, figs. 23,26) lateral 
glabellar furrow 1p is complete, the longi 
tudinal furrows tend toward being straight 
and subparallel, the posterior part ol the 
median lobe is depressed, the occipital lobe ts 
not defined, and the palpebral lobe is situ- 
ated adjacent to the axial furrow, the mid 
point in line with or behind the inner end of 
lateral glabellar furrow 
appear to belong to the group which “‘differs 
from typical species of //emiarges in that the 
circum- 


35, figs. 


Ip. These species 


lobes are usually 


lateral furrow 1p is complete, 


bicomposite 
scribed,” i.e. 
“and the posterior lateral furrows are often 
connected median lobe of the 
glabella” (Tripp, 1957, p. 117). Tripp places 
in this group //. maccullochi (Reed, 1914, p. 
28-29, pl. 4, figs. 9,10) from the Upper 
Ordovician of Scotland, and another mem 
ber may be the British Middle Silurian 
species H. bucklandi (Tripp, 1957, text-fig. 


across the 
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3A; 1958, p. 580-581, pl. 85, figs. 13-16). As 
Tripp remarked, in this group there is much 
variation in the features of the glabella by 
which he characterized it. If other features— 
position of eye lobe, outline of anterior 
cephalic margin, characters of pygidium, for 
example—are taken into account, it becomes 
evident that not only are they differently 
developed in different species, but combined 
in a multiplicity of ways. A workable diag- 
nosis separating this group from ‘‘typical” 
Hemiarges becomes impossible to frame. I 
have therefore followed Tripp's broad con- 
cept of /lemiarges. 

The absence of spines on the border of 
larger pygidia is a feature that Hemiarges 
ormistoni n. sp. (pl. 55, figs. 19-21) shares 
with //. heteroclytus (Barrande, 1846; see 
Horny, Prantl, & Vanék, 1958, pl. 8, figs. 
5,6), and H. maia (Reed, 1921, p. 222, 1 text- 
fig.). The cranidium of H. heteroclytus is of 
the H. wesenbergensis type, that of H. maia 
not described. 

Tripp (1957, p. 117) remarked that H. 
ptyonurus and species like it approached 
Acanthopyge in glabellar lobation. Compari- 
son of the present silicified material of H. 


aqutlonius, n. sp., with similar material of 


1956, pl. 131, 
truth of this 
consanguinea 


Acanthopyge (Whittington, 
figs. 7-11,13,20) shows the 
statement. The glabella of A. 
is far more convex longitudinally than that 
of H. aquilonius, and the depression of the 
posterior part of the median glabellar lobe 
more marked. The position of the eye lobe is 
similar in the two species. Distinctive of 
Acanthopyge is the forward position of the 
librigenal spine, and the deep notch in the 
border behind it, as well as the type of 
pygidium. It seems likely, as Tripp indicates 
(1957, text-fig. 7) that Acanthopyge is de- 
rived from Hemiarges, perhaps from species 
of the type described here. 


HEMIARGES PTYONURUS 
(Hall & Clarke, 1888) 
Pl. 55, figs. 1-9,11 
Lectotype (here selected) —NYSM 4555, 
cranidium, original of Hall and Clarke, 1888, 
plate 19B, figure 19, preserved in a brown 
siltstone, Upper Silurian, Cobleskill lime- 
stone, Schoharie, Schoharie County, New 
York. 
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Other material—NYSM _ 4556, pygidium; 
NYSM 4557, incomplete pygidium, immedi- 
ately in front of which is a thoracic segment 
and in front of that a free cheek exposed 
from the ventral side. The two specimens are 
the originals of Hall and Clarke, 1888, plate 
19B, figures 20 and 21 respectively, pre- 
served in the same type of rock as the lecto- 
type and from the same horizon and locality. 

Description.—Cranidium of length (sag.) 
5.9 mms. Glabella narrowest across the 
moderately convex occipital ring, which is of 
width (tr.) 3.5 mms., the posterior margin 
straight, the anterior margin curved forward 
so that the ring is shortest distally. In front 
of occipital ring glabella widens rapidly to a 
maximum width of 6.5 mms. immediately 
behind the palpebral lobes, in front of here 
glabella narrows gradually forward to 
rounded margin of anterior lobe. Glabella is 
flattened medially, distal slopes moderate, 
the median part of the glabella extending no 
higher than the palpebral lobes. Longitudi- 
nal furrow is evident at about one-quarter 
the length from the anterior margin, and 
deepens posteriorly to a maximum at the 
junction with lateral glabellar furrow 1p; 
behind this point longitudinal furrow broad 
and shallow but extending back to occipital 
ring; the longitudinal furrows isolate a sub- 
parallel-sided median glabellar lobe which is 
only slightly narrower (tr.) than the bicom- 
posite lobe. Latter not defined anteriorly by 
lateral glabellar furrow 3p, defined on the 
proximal side by the longitudinal furrow, 
posteriorly by the deep, straight, broad, 
forward- and outwardly-directed lateral 
glabellar furrow 1p, and displaying a slight 
independent convexity. The posterior lateral 
glabellar lobe is separated only by the axial 
furrow from the palpebral lobe, postero- 
laterally the curving margin runs from 
behind the palpebral lobe to the outer end of 
the occipital furrow; the lobe is moderately 
convex, the steepest slope being the poste- 
rior. Between the posterior lateral lobes the 
median glabellar lobe is gently conxex, and 
may be described as depressed since it lies at 
a slightly lower level than the inner, highest 
parts of the posterior lobes (pl. 55, figs. 2,3). 
Axial furrow shallow and broad, behind the 
palpebral lobe its course indicated rather by 
the sharp change of slope between posterior 
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lateral lobe and fixed cheek than by a fur- 
row. Anterior pit barely visible but probably 
represented by the deepest part of the axial 
furrow at the anterolateral corner of the 
glabella. Preglabellar furrow shallow, an- 
terior border narrow (sag. and exs.), gently 
convex. Palpebral lobe relatively short, 
semicircular in outline, horizontal, surface 
about level with highest part of posterior 
lateral lobe. Anterior branch of suture runs 
straight forward and slightly inward parallel 
to the axial furrow and separated from it by 
a narrow strip of fixed cheek, then curves 
inward across anterior border of cephalon to 
join rostral suture. Posterior branch of 
suture runs backward and slightly outward, 
distally curving more strongly outward as it 
crosses the posterior border furrow and 
posterior border at an oblique angle. Pos- 
terior part of fixed cheek is thus triangular, 
broad (tr.), consisting mostly of the convex 
posterior border which curves outward and 
gently backward, but including the small 
depressed region between the posterior 
border furrow, the posterior lateral glabellar 
lobe and the posterior branch of the suture. 
External surface bearing close-spaced tuber- 


cles, which are largest on the posterior half 
of the glabella and the posterior border, 
symmetrical paired arrangement of tuber 
cles not evident. 


WHITTINGTON 


Pygidium subtriangular in outline (NYSM 
4557 of length (sag.) 8.5 mms., maximum 
width 11 mms.). Axis gently convex, taper- 
ing slightly back and extending beyond half 
the length, continued to posterior margin by 
a relatively broad (tr.), gently convex post- 
axial ridge; length of axis about 1} times 
that of postaxial ridge. First two rings of 
axis defined by deep ring furrows which 
curve backward distally, the anterior slope 
of each furrow being much the steepest, so 
that the first ring stands above the second 
and the second above the remainder of the 
axis (pl. 55, fig. 9). Some seven additional 
axial rings are indicated by extremely faint 
ring furrows or by paired tubercles. Axial 
furrows broad and deep. Inner part of 
pleural regions horizontal, gently convex, 
outer part bent to slope down moderately 
steeply to broad shallow border furrow. 
Border of pygidium of about equal width to 
border furrow and to posterior bands of first 
two pleurae, moderately convex. First and 
second pleurae well defined by posterior 
pleural bands, band of anterior pleura runs 
transversely outward from first ring, at 
about half the width of the pleural region 
curving back and after crossing the border 
continuing as a backwardly directed margi- 
nal spine. The posterior band is an evenly 
convex ridge of about the same width (exs.) 


EXPLANATION OF PLATE 55 


Fics. 1-9,11 


Hemiarges ptyonurus (Hall & Clarke, 1888), Cobleskill limestone, Upper Silurian, 


Schoharie, Schoharie County, New York. /-4, lectotype, cranidium, NYSM 4555, original 
of Hall and Clarke, 1888, pl. 19B, fig. 19, dorsal, anterior, right lateral, oblique views, <4. 
5-7, pygidium, NYSM 4557, original of Hall & Clarke, 1888, pl. 19B, fig. 21, dorsal, poste- 
rior, right lateral views, X 3. 8,9,11, pygidium, in front of which is detached thoracic segment 
and free cheek, NYSM 4556, original of Hall & Clarke, 1888, pl. 19B, fig. 20, posterior, left 
lateral views of pygidium, dorsal view of pygidium, posterior view of segment and interior 


view of free cheek, <3. 


10,12-21—Hemiarges ormistoni, n.sp., upper part of Cape Phillips formation, Cape Phillips, 
Cornwallis Island, Northwest Territories, Canada. 10,14, hypostome, MCZ 5624 B, right 
lateral and exterior views, X6. 12,13,15,18, holotype, MCZ 5623, incomplete cranidium, 
dorsal, right lateral, anterior, oblique views, X4. 16, pygidium, MCZ 5624 C, dorsal view, 
x3. 17, pygidium, MCZ 5624 D, dorsal view, X6. 19-21, pygidium, MCZ 5624 A, dorsal, 


ieft lateral, posterior views, X 2. 
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as the axial ring, the anterior pleural band — of this thoracic segment is a free cheek (pl. 
flattened and widening distally. Second 55, fig. 11), exposed from the ventral side, 
pleura with posterior pleural band running and this may be that referred to by Hall & 
outward and backward from second axial Clarke (1888, p. 87). The broad-based 
ring, curving distally and crossing border to _ librigenal spine is typical of Hemiarges, as is 
be continued as a posteriorly directed margi- the outline and width of the borders (com- 
nal spine. Anterior band much wider (exs.) _ pare pl. 57, figs. 22-24). Close to the anterior 
than posterior, flat. At about midway along branch of the suture the lateral border 
the border of the pygidium between the curves more strongly forward. The outline of 
second marginal spine and the midline is a the anterolateral margin of the cephalon is 


third marginal spine, and close to the mid- therefore angulate, as it is in, for example, 
line is a fourth marginal spine, both these /. bucklandi (Tripp, 1957, text-fig. 3A). 
spines being backwardly directed and of The cranidium of H. ptyonurus is like that 


about the same thickness as the first and of both the species from Cornwallis Island, 
second. External surface bearing close but may be distinguished from that of H. 
spaced small tubercles and more widely aguilonius in that the median part of the 
scattered larger tubercles; these larger  glabella, particularly in front of the level of 
tubercles are arranged in rows along the lateral glabellar furrows 1p, is flattened 
axial rings, in most rings there being asym- rather than reaching a maximum height at 
metrical pair situated closer to the midlinein the midline, in that the palpebral lobes are 
successively posterior rings. On the pleural shorter (exs.), and in that the anterior 
regions large tubercles are spaced along the branches of the facial suture converge 
two prominent posterior pleural bands and _ slightly forward. The tuberculation on the 
scattered on the pleural region and postaxial — external surface of H. ptyonurus is like that 
ridge inside the border furrow. in H. aquilonius, though appearing coarser 

Discussion —Hall & Clarke (1888, p. 87, | and more prominent on the posterior border 
pl. 19B, fig. 20) describe a single detached of the cranidium. From the cranidium of //. 
thoracic segment, that lying in front of the ormistoni that of H. ptyonurus is distin- 
pygidium NYSM 4556, only the edge of | guished by the lesser inflation of the glabella 
which is exposed (pl. 55, fig. 11). It may in front of the occipital ring, the absence of 
belong to this species. Immediately in front lateral glabellar furrow 3p, the shorter (exs.) 


EXPLANATION OF PLATE 56 


Fics. 1-34-—Hemiarges aquilonius, n. sp., Read Bay formation (member C), locality 21, near Cape 
Hotham, Cornwallis Island, Northwest Territories, Canada. /-4, incomplete smail cra- 
nidium, GSC 15247, dorsal, anterior, right lateral, ventral views, 8. 5, incomplete 
transitory pygidium, GSC 15251, dorsal view, 6. 6-8, incomplete small cranidium, GSC 
15248, dorsal, anterior, right lateral views, X6. 9-11, incomplete small cranidium, GSC 
15249, dorsal, anterior, right lateral views, X6. 12, small free cheek, GSC 15248, dorsal 
view, X6. 13, incomplete pygidium, GSC 15252, dorsal view, X6. 14,17,21, paratype 
pygidium, GSC 15245, dorsal, posterior, right latera! views, X3. 15,18,20, cranidium, GSC 
15250, anterior, dorsal, left lateral views, X6. 16, incomplete pygidium, GSC 15253, dorsal 
view, X4. 19, free cheek, GSC 15250, dorsal view, X6. 22, incomplete pygidium, GSC 
15259, dorsal view, X4. 23,24,27,28,31,33, holotype cranidium, GSC 15242, dorsal, oblique, 
ventral, posterior, anterior, right lateral views, X43}. 25, incomplete pygidium, GSC 
15255, dorsal view, X 3. 26,30,32, incomplete cranidium, GSC 15258, dorsal, anterior, left 
lateral views, X3. 29, incomplete pygidium, GSC 15256, ventral view showing doublure, X 3, 

34, incomplete pygidium, GSC 15257, dorsal view, X3, 
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palpebral lobe, and the presence of promi- 
nent tuberculation on the external surface. 

The pygidium of H. ptyonurus is distin- 
guished from that of H. ormistoni by the 
relatively longer axis and broader (tr.) post- 
axial ridge, the more prominent posterior 
bands of the first and second pleurae, the 
presence of marginal spines and the tuber- 
cles on the external surface. It is more like 
that of H. aquilonius but again the axis is 
relatively longer and the postaxial ridge 
broader, and further, the posterior pleural 
bands of the first two pleurae are convex and 
have a similar slope on either side, not a 
much steeper posterior slope, there is a 
border, and no median posterior spine on the 
margin. The external surface is granulate, 
and bears more numerous and larger tuber- 
cles. 


HEMIARGES ORMISTONI n. sp. 
PI. 55, figs. 10, 12-21; pl. 57, fig. 29 
Holotype —MCZ 5623, incomplete crani- 
dium, from gray argillaceous limestone of 
the Cape Phillips formation, Cape Phillips, 
close to the coast and south of the creek at 
the southern end of Thorsteinsson’s locality 


19 (1958, map 1054 A), Cornwallis Island, 


Northwest Territories, Canada. Collected 
by Allen R. Ormiston, June, 1959. The rock 
also contains abundant brachiopods, kindly 
identified by Professor Arthur J. Boucot as 
Atrypella cf. schett (Holtedahl). This brachi- 
opod has been recorded by Thorsteinsson 
(1958, p. 74) from many horizons in the 
Read Bay formation, and also in the Middle 
Ludlovian portion of the Cape Phillips for 
mation (1958, p. 103). Judging from the 
locality from which the trilobite came, and 
the dip and strike of the rocks at Thorsteins- 
son's locality 19, it appears likely that the 
horizon is in the upper part of the Cape 
Phillips formation, i.e. in the Middle Lud- 
lovian. 

Other material—MCZ 5624, the speci- 
mens figured here and in addition three 
incomplete cranidia, a hypostome, and three 
pygidia; all from the samelocality and 
horizon. 

Description—The holotype cranidium 
(pl. 55, figs. 12,13,15,18; Pl. 3, fig. 29) differs 
from one of a similar size of H. aquilonius 
(pl. 56, figs. 26,30,32) in that the glabella 
inflated and consequently 


appears more 
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stands up higher. The basal lateral lobe 
slopes gently outward to the gentle change 
of slope at the axial furrow; the longitudinal 
furrow is deepened at, and a short distance 
behind, its junction with lateral glabellar 
furrow 1p, elsewhere it is extremely shallow 
or virtually absent. The bicomposite lobe 
has a gentle independent convexity so that a 
change of slope defines its anterior as well as 
inner margin, and a slight indentation in the 
longitudinal furrow at about half the length 
of this lobe suggests the position of the 
proximal part of lateral glabellar furrow 2p. 
The outermost part of the anterior lobe in 
front of the bicomposite lobe (pl. 55, figs. 
13,15,18) also displays a gentle independent 
convexity suggestive of lateral glabellar lobe 
4p. The occipital ring appears to be more 
convex than that of H. aquilonius, for the 
posterior part of the median glabellar lobe is 
not at all depressed below the adjacent part 
of the posterior lateral lobe, and is separated 
from the occipital ring by only a faint occipi- 
tal furrow; distally the occipital ring nar- 
rows, the occipital furrow deepens, and the 
posterior lateral lobe slopes steeply back. 
These remarks apply to the external sur- 
faces of the exoskeletons—in internal 
moulds the median part of the occipital 
furrow and lateral glabellar furrow 1p ap- 
pear much broader and deeper, and the 
posterior part of the median lobe depressed. 
The anterior border of the cranidium in //,. 
ormistont is relatively narrower (sag. and 
exs.) and more convex. 

The hypostome differs from that of //. 
aquitlonius (compare pl. 55, figs. 10,14 with 
pl. 57, figs. 6,15) in details of outline, con- 
vexity, and relative size of different parts 
for example, the lateral margins of the 
middle body converge less strongly back 
ward, the anterior lobe of the middle body is 
more inflated distally and the anterior wing 
more sharply bent upward. The posterior 
lobe of the middle body is relatively longer 
medially, and the posterior border relatively 
wider (sag. and exs.), with a deeper and 
better defined median notch and a greater 
convexity medially. There is a narrow (sag. 
and exs.) anterior border, best-defined dis- 
tally; such a border is absent in larger 
cephala of H. aquilonius. 

The largest pygidia (pl. 55, figs. 19-21) 
differ from those of 


most obviously 


+g 
gh 
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greater convexity of the pleural regions, 
which lack the concave flattening distally, 
and in the absence of marginal spines. The 
only indication of such spines is a slight 
angulation in the posterolateral margin 
which might indicate the position of the 
fourth pleural spines. The interpleural fur 
run in a 
strongly backwardly directed. The smallest 
pygidium available of //. ormistoni (pl. 55, 


the presence 


rows gentle curve but are less 


fig. 17, 5 mms. in length) shows 
of four pairs of marginal projections and a 
The first 
the ends of 


median posterior projection. and 
second of these are situated at 
the first and second posterior pleural bands 
and are extremely short and blunt. The third 
and fourth are slight, blunt projections of 
the scalloped posterolateral margin, and the 
posterior median projection is similar. In 
pygidia intermediate in size the first and 
second spines are absent, the third and 
fourth being merely low and rounded pro 
jections where there is a slight change in the 
direction of the margin. 

External surface of cranidium (pl. 57, tig. 
29) and pygidium impressed, except in the 
furrows, by small, shallow close spaced pits. 
This pitting seems to affect the entire thick 
ness of the exoskeleton, for the same pattern 
is visible on internal moulds. On the bicom 
posite and posterior lateral lobes of the 
glabella there is also a low granulation, these 
granules being largest and most conspicuous 
on the posterolateral slope of the posterior 
lobe. On 
dium there are anastomosing terrace lines 


the anterior border of the crani 


running subparallel to the margin. On the 
outer parts of the pleural region of the 
pygidium granules, of a similar diameter and 
density to the pits, are present and become 
especially conspicuous on the posterolateral 
margins. The external surface of the middle 
14) and 


the posterior border are not pitted, on the 


body of the hypostome (pl. 55, fig. 
lateral borders there are prominent anasto 
mosing terrace lines running subparallel to 
the margin, which die out posteriorly. 

Only 

having a 


Discussion. two other species ot 
Hemiarges, 
(sag.) 12 mms. or more which lacks marginal 
spines, are known. One is //. heteroclytus 
(Barrande, 1846, p. 47; 1852, p. 608, pl. 28, 


figs. 33,34; Horny, Prantl, & Vanék, 1958, 


pygidium of length 
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pl. 8, fig. 5) from the Upper Silurian of 
Bohemia. While the outline and general 
form is not unlike that of H. ormistont, H. 
heteroclytus has a relatively longer axis and 
the outer parts of the pleural regions are 
concave. The second species is H. mata 
(Reed, 1921, p. 219-220, fig.) from the 
Middle Silurian of England. This is a rela 
tively shorter and broader pygidium than 
that of 11. ormistoni and also has a relatively 
longer axis. Thus neither of these European 
pygidia appears to be much like that from 
Cornwallis Island, and the cranidium of /7/. 
heteroclytus (Horny, Prantl & Vanék, 1958, 
pl. &, fig. 6) is not like that of H. ormistoni 
(the cranidium of //. mata is not known). 


HEMIARGES AQUILONIUS, n. sp. 
Pl. 56, figs. 1-34; pl. 57, figs. 1-28 


Holotype.—GSC 15242, incomplete silici 
fied cranidium, from Bay 
approximately 500 feet above base of mem 
ber C, Middle Ludlovian, locality 21, near 
Cape Hotham (Thorsteinsson, 1958, p. 68, 
this being erroneously marked as 
number 26 on map 1054A), Cornwallis 
Island, Northwest Territories, Canada. 

Other material—Paratypes GSC 15243 
15246; figured specimens GSC 15247-15265, 
and many additional parts of exoskeletons 


Read formation, 


locality 


from same locality and horizon. In addition 
to the stromatoporoid, rugose and tabulate 
corals listed by Thorsteinsson (1958, p. 68) 
the silicified blocks prepared by Whittington 
contained not only abundant parts of the 
single trilobite species but sponge spicules, 
one or 
umnals. 

Description.—Largest 
of length about 12.0 
26,30,32), maximum width = of 
about twice the length, moderately convex. 
Glabella 
ring, in front of ring expanding rapidly to 


two brachiopods, and crinoid col 


cranidium known 
mm. (pl. 56, figs. 
cephalon 
narrowest (tr.) across occipital 
maximum width which is in line with most 
posterior part of eye lobe; in front of maxi- 
mum width straight-sided, tapering gradu 
ally to rounded anterolateral margin, an 
terior 
margin of occipital ring straight, anterior 
margin defined by the occipital furrow which 
curves convexly forward so that the ring is 


margin gently curved. Posterior 


longest sagitally and narrow (exs.) distally. 
Occipital furrow deepened behind posterior 


; 
4 
aquilonius (pl. 56, figs. 14,17,21,25,34) in the 
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lateral glabellar lobe. Lateral glabellar 
furrow 3p extremely faintly defined on 
external surface (pl. 56, fig. 24), better seen 
as low ridge on internal surface (pl. 56, fig. 
27); furrow 3p commences at axial furrow 
beside anterior pit and diverges forward and 
inward from this furrow, curving around 
through almost 180° to be continued directly 
back as the longitudinal furrow. This latter 
furrow deepens back to a maximum at the 
junction with lateral glabellar furrow Ip. At 
this junction, which is in line with the 
anterior part of the eye lobe, is a deep three 
pointed depression. The anterior of these 
points merges into the longitudinal furrow, 
the lateral point is directed forward and out 
ward into lateral glabellar furrow Ip, the 
posterior point is directed backward and 
inward and continued directly back by a 
shallow depression that bounds the innet 
side of the posterior lateral lobe, and by a 
shallow depression that crosses the median 
glabellar lobe. The glabella is thus sub 
divided into a straight-sided median lobe 
which is of about the same width as the 
bicomposite lobe and which merges forward 
into the short (sag. and exs.) but wide an 
terior lobe. The posterior part of the median 
lobe, lying between the posterior lateral 
lobes, is depressed. The bicomposite lobe is 
longer than wide, defined distally by a shal 
low axial furrow and posteriorly by the 
relatively broad, deep, diagonally-directed 
lateral glabellar furrow 1p. The posterior 
lateral glabellar lobe is subcircular in out- 
line, the diameter greater than the maxi- 
mum width of the bicomposite lobe; on the 
distal side it is bounded by an extremely 
shallow axial furrow between it and the fixed 
cheek in front of the palpebral lobe, by the 
change in slope between it and the palpebral 
lobe, and by a sharp change in slope between 
it and the fixed cheek behind the palpebral 
lobe. Proximally the posterior lateral lobe is 
bounded by lateral glabellar furrow 1p, by 
the broad, shallow longitudinal furrow, and 
the distal and deeper part of the occipital 
furrow. Ceratarginae are characterized by 
Tripp (1957, p. 117) as having the ‘‘axial 
furrows usually obsolete behind bicomposite 
lobes,” that is, the axial furrow is difficult to 
discern as a furrow beside the posterior 
lateral glabellar lobe. In the present species 
there is no difficulty in tracing the distal 
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boundary of this posterior lateral lobe but it 
is defined rather by a change in slope than 
by a distinct furrow. Axial furrow beside 
bicomposite lobe shallow, continuous with 
shallow preglabellar furrow. Deep anterior 
pit with a rounded tubercle situated on the 
anterior slope of the pit (pl. 56, figs. 23,24), 
on the inner surface (pl. 56, fig. 27) the 
anterior boss bears a corresponding depres- 
sion on its anterior slope. Cheek having large 
eye lobe situated on highest part, which is 
inner posterior corner, mid-point of eye lobe 
in line with anterior edge of depressed part 
of median glabellar lobe. Outside eye lobe 
cheek slopes at first steeply, then more 
gradually, passing distally into a concave 
portion which in turn merges into the broad, 
gently convex border; lateral and antero 
lateral border continued on cranidium as 
anterior border which is separated from the 
glabella only by the preglabellar furrow. 
Posterior border of cheek narrow (exs.) and 
convex adjacent to axial furrow, broadening 
distally and becoming of the same width as 
the lateral border, posterior border furrow 
shallow. Posterolaterally cheek drawn out 
into triangular genal spine, the median part 
of which is depressed between the convex 
continuations of the Margin of 
cephalon rolled under to form the broad 
doublure which, inside the border, lies close 


borders. 


against the dorsal exoskeleton; anteriorly 
inner margin of doublure lies beneath most 
anterior part of glabella, laterally and pos 
terolaterally doublure extends in to margin 
of eye lobe and beneath genal spine (pl. 57, 
figs. 12,22), posteriorly doublure narrows 
rapidly and does not extend beneath inner 
part of posterior border (pl. 56, fig. 27). 
Palpebral lobe with extremely faintly de- 
fined, gently convex rim, shallow median 
depression. Eye surface convex, bounded at 
lower margin by a shallow furrow. Anterior 
branch of facial suture runs directly forward 
parallel to the axial furrow until it reaches 
the anterior border, where it curves around 
on to the vertical outer margin (pl. 57, fig. 
1). Here it meets the rostral suture and this 
suture runs along the vertical outer slope of 
the anterior border of the cranidium (pl. 56, 
fig. 27; pl. 57, fig. 11). Connective suture 
runs first inward and backward, then, be- 
neath about the mid-point of the border, it 
curves abruptly through 90° and runs out 
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ward and backward to the inner margin of 
the doublure. The rostral plate (pl. 57, figs. 
11,12,17) is thus wider (tr.) than long, the 
lateral margin indented, and the postero- 
lateral corner forms a long slim projection. 
Posterior branch of suture runs straight 
backward and strongly outward from the 
eye lobe to curve across the posterior border 
inside the base of the librigenal spine. 

The straight portion of the anterior mar- 
gin of the hypostome (pl. 57, figs. 6,10,11 
15,17) is the sutural margin, which fitted 
against the straight posterior edge of the 
rostral plate between the projecting points. 
Middle body sub-lozenge shape, middle fur- 
rows short, deep and transverse, isolating a 
wide (tr.) but short posterior lobe of the 
middle body, the distal parts of which are 
inflated. Just behind greatest width of 
middle body the lateral edge of the exoskele 
ton is curved upward and extended dorsally 
asa blunt anterior wing. Lateral border with 
sharp shoulder, posterior border broader 
than lateral and having a wide, shallow 
notch in the posterior margin. Doublure 
extends beneath lateral and posterior bor 
ders, the posterior edge in the middle part of 
the notch folded abruptly to form a sharper 
edge than is developed posterolaterally. 
Inner edge of doublure is curved dorsally, 
the median part of the edge folded back 
again to form a projecting lip (pl. 57, figs. 
18,19). On the posterior, vertical, side of this 
lip there is a median ridge flanked by a pair 
of lower, blunter ridges, and running back 
across the doublure in the sagittal line is a 
groove flanked by low ridges. Beneath 
lateral border inner edge of doublure is not 
folded over and in most specimens is broken, 
so that whether or not a posterior wing is 
developed cannot be determined. 

Thorax of at least nine segments (pl. 57 
fig. 21). Isolated fragments of segments (pl. 
57, figs. 25-28) show the narrow (sag. and 
exs.), flat axial ring, and the narrow, deep 
articulating furrow. At the anterior margin, 
below the axial furrow, is an articulating 
socket, and on the posterior margin a cor- 
responding articulating boss. Pleurae broad 
(tr.) and short (exs.), the outer part flexed 
gently down and about one and one-half 
times as wide as the flat inner part, broader 
and blade like, the tip curving back. Dou 
blure extends inward for about two-thirds 
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the width of the outer part, shallow panderian 
notch in the inner margin. Pleural furrow 
narrow, becoming deeper toward the ful- 
crum, deepest outside here and dying out at 
the inner edge of the facet. Pygidium sub- 
triangular in outline, gently convex, axis 
tapering gradually back and extending to 
about half the length (sag.), continued to 
margin by a low, narrow postaxial ridge. 
Axis subdivided by about 11 ring furrows, 
the first two of these furrows curving back 
distally (the second furrow more strongly 
than the first), and reaching the axial fur- 
row. Behind the mid-part of the first and 
second rings the ring furrow is deeply exca- 
vated, sloping downward and inward, so 
that the posterior edge of these rings is well 
defined and projects backward from the 
axis. Succeeding ring furrows do not extend 
to the axial furrows, and are successively less 
deeply impressed. Pleural regions horizontal 
adjacent to axis, distally curving down to 
fattened outer parts. First and second inter- 
pleural furrows strongly marked, the an- 
terior slope overhanging so that the edge of 
the pleura is well defined and backwardly 
projecting; these interpleural furrows curve 
outward and backward and the distal part of 
the pleura is extended as a backwardly 
directed blade-like spine. First pleura having 
the pleural furrow situated closer to the 
anterior than the posterior margin, shallow 
and running out to the base of the pleural 
Pleural furrow faintly defined on 
second pleura, closer to posterior than 
anterior margin. Behind pleurae 
margins of pleural regions bear two pairs and 


spine. 
second 


a median spine, these spines successively 
blunter, the posterior median spine being 
obliquely pointed. Doublure broad, close to 
dorsal exoskeleton, extending in beneath the 
flattened outer parts of the pleural regions to 
about half the width, in midline a blunt pro 
jection on inner margin. 

External surface of glabella, palpebral rim 
and posterior border tuberculate, tubercles 
low, rounded, varying in size and closely and 
irregularly spaced. Only some of the largest 
(such as that in the center of the posterior 
lateral lobe) suggest a symmetrical paired 
arrangement. Cheek and lateral and anterior 
borders of cephalon apparently smooth. 
Small, close-spaced tubercles along posterior 
margins of axial rings and pleurae, More 
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widely spaced larger tubercles occur also on 
these margins (except axial rings of thorax), 
and are irregularly placed except on the 
axial rings of the pygidium, where they are 
roughly paired. On larger pygidia scattered 
tubercles may be seen on the pleural regions 
behind the second interpleural furrow, and 
in some specimens one or two such tubercles 
and an extremely faint ridge outline the 
ridge immediately in front of the third inter- 
pleural furrow. The silicification of the 
exoskeletons in this material is of a type that 
shows concentric beekite rings, and appar- 
ently does not preserve the finest details 
one or two specimens suggest that between 
the larger tubercles and on the apparently 
smooth distal parts of the exoskeleton there 
may be the characteristic granulation of the 
lichids. 

Development.—The smallest cranidium is 
of length (sag.) about 2.2 mms. (pl. 56, figs. 
1-4). The highest part of the glabella is the 
median lobe, which stands only slightly 
below the level of the palpebral lobes; 
lateral lobes of glabella much less inflated 
than in larger specimens, the bicomposite 
lobe not outlined anteriorly, the posterior 
lateral lobe lying below the level of the pos- 
terior part of the median glabellar lobe. 
Anterior lobe of glabella gently sloping, 
vaguely outlined and separated by a broad 
and exs.) concave region from the 
anterior border. Anterior branches of facial 
suture diverge forward, relatively broad part 
of fixed cheek enclosed between these su- 
tures and the glabella. As the size of the 
cranidium increases (pl. 56, figs. 6-11,15,18, 
20) the glabella increases in convexity par- 
ticularly by inflation of the bicomposite and 
posterior lateral Thus in largest 
cranidium (pl. 56, figs. 26,30,32) the median 
part of the glabella stands as high as the 
palpebral lobe, and the longitudinal profile 
slopes steeply forward, approaching the 
vertical at the preglabellar furrow; this 
expansion of the glabella seems to take place 
at the expense of the area in front of it, so 
that in the largest cranidium the anterior 
lobe is separated only by a relatively narrow 
preglabellar furrow from the anterior border. 
As the inflation of the bicomposite lobe 
proceeds it becomes better defined anteriorly 
and laterally; the inflation of the posterior 
lateral lobe results in its standing higher 


(sag. 


lobes. 
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than the posterior part of the median lobe in 
larger cranidia, thus the latter becomes de- 
pressed relative to the surrounding parts of 
the glabella. The increase in convexity of the 
glabella does not seem to affect greatly the 
occipital ring, so that the slope down to this 
ring from the posterior lateral lobe becomes 
notably more steep. The smallest hypostome 
known (pl. 57, figs. 4,5) belongs with a 
cranidium of about the size of the original of 
pl. 56, figs. 6-8. In the small hypostomes 
there is a faintly defined border to the mid 
dle body anterolaterally, and the posterior 
lobe of the middle body is relatively larger. 
Apparently as the anterior part of the 
glabella expands forward and upward with 
increasing size, so the anterior lobe of the 
middle body of the hypostome expands 


relatively outward and backward. In the 
largest specimens (pl. 57, fig. 6) it is seen to 


lie close against the border beside the 
shoulder and the posterior lobe is relatively 
restricted. In the smaller hypostomes the 
ridges and grooves on the postero-median 
part of the doublure are present but rela 
tively less strongly developed. 

The smallest pygidium (pl. 56, fig. 5) is 
incomplete, approximately 2 mms. in length 
(sag.). On the lateral margins there are 4 
pairs of long slim spines, and on the posterior 
margin may be seen the broken bases of a 
fifth pair and a median spine. On the outer 
parts of the pleural regions posterior bands 
of the first three pleurae, corresponding with 
the first three pairs of border spines, may be 
distinguished. Thus this pygidium appears 
to include an additional segment to that in 
larger pygidia, and may be a late meraspid 
transitory pygidium. Larger pygidia (pl. 56, 
figs. 13,16) exhibit only four pairs and a 
median border spine, and the _ posterior 
bands of only the first two pleurae. These 
appear to be true pygidia but are distin 
guished from larger specimens (pl. 56, fig. 
14) in that the border spines are relatively 
much longer. The transitory pygidium and 
the smallest true pygidia are relatively wider 
than larger pygidia. 

Discussion.—In pl. 57, figs. 1,7,11,12,13, 
the various parts of the cephalon are shown 
in juxtaposition. The hypostome in these 
photographs is of a slightly larger size than 
belongs with the other parts of the cephalon. 
As in other trilobites, the sutural edges of 
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the exoskeleton are broad and flat, allowing 
a close fit along the lines of suture. Tripp 
(in Moore, 1959, fig. 393, 8b) gives an oblique 
ventral view of the cephalon of Hemiarges 
scutalis which has the rostral plate and hy- 
postome in a similar position to that sug- 


gested here. A photograph of Hemtarges 
bucklandi (Milne Edwards, 1840) kindly 
sent to me by Mr. R. P. Tripp shows that 
this species from the Wenlock limestone of 
Britain has a rostral plate of similar shape 
to that of 7/7. aquilonius. 


Postscript: After the above was sent to the 
Editor, | received a copy of Vanék, J., 1959, 
Celed Lichaidae Hawle et Corda, 1847 ze 
st?edoteského starSiho paleozoika (Trilobitae): 
Bokemia Centralis (A—-Scientiae naturales), v. 1, 
fasc. 3, p. 77-168, pls. 1-12, 43 figs. (in Czech, 
brief English summary ). A more extended descrip- 
tion than any previously available of Hemiarges 
heteroclytus (p. 152-155, pl. 6, figs. 7-11, text- 
figs. 41-43) is given, based on isolated cranidia 
and pygidia, and an hypostome. The latter is 
like that of the American species described here. 
Phe cranidium is of H. wesenbergensis type, but 
lateral glabellar furrow 1p, is complete and 
deep. 
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EXPLANATION OF PLATE 57 


Fics. 1-28—Hemuarges aquiloninus, n. sp., Read Bay formation (member C), locality 21, near Cape 
Hotham, Cornwallis Island, Northwest Territories, Canada. 1,7, cranidium and left free 
cheek, GSC 15260, anterior, dorsal views, 6. 2,3, small rostral plate, GSC 15263, exterior, 
interior views, X9. 4,5, small hypostome, (lost after photographing), interior, exterior 
views. X9. 6, 10, 13-15, paratype hypostome, GSC ae exterior, interior, posterior, an- 
terior, right lateral vie ws, X44. 8,9, hypostome, GSC 15261, interior, exterior views, X9. 
11,12,17, left free cheek, rostral plate, hypostome, GSC 15260, dorsal, ventral, oblique 
anterior views, X6. 16,20, part of large rostral plate, GSC 15262, oblique lateral, interior 
views, showing broad, flat, sutural edges, X44. 18,19, incomplete hypostome, GSC 15254; 
two oblique interior views, showing posterior doublure with median ridges and grooves, 
X6. 21, part of nine thoracic segments and a pygidium, GSC 15265, dorsal view, X 3. 22 24. 
paratype, right free cheek, GSC 15243, interior, lateral, exterior views, X3. 25,26, axial 
ring and inner part of pleurae of thoracic segment, GSC 15264, posterior, dorsal views, x44. 
27,28, paratype, part of axial ring and pleura of thoracic segment, GSC 15246, ventral view 
showing panderian notch in doublure, left lateral view, X44. 

Hemiarges ormistoni, n. sp., holotype, incomplete cranidium, MCZ 5623, exterior view 
showing pitting and tuberculation of external surface, <6, 
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GENERA STEREOLASMA, 


AMPLEXIPHYLLUM, AND STEW ARTOPHYLLUM FROM 


THE DEVONIAN HAMILTON GROUP OF NEW YORK 


ERWIN C. STUMM anp J. LLOYD WATKINS 


Museum of Paleontology, 


University of Michigan and Midwestern University, Wichita Falls, Texas 


\sstRACT—Daniel Busch (1941, p. 392-411) described 6 new species of metriophy]- 
loid rugose corals from the Wanakah and W on a shales of the Hamilton group of 
western New York. After an examination of many serial sections of specimens from 
these beds it is suggested that Busch’s species can be interpreted as growth stages 
or variants of the three common species Stereolasma rectum (Hall), Amplexiphyllum 
hamiltoniae (Hall), and Stewartophyllum intermittens (Hall). 


INTRODUCTION AND ACKNOWLEDGMENTS 


Buscu (1941) identified nine 
species of metriophylloid corals, six of 
them new, from two localities in the Wana- 
kah shale and one locality in the Windom 
shale, both in the Middle Devonian Hamil- 
ton group of western New York. A large 
number of corals from these localities were 
obtained when the University of Michigan 
purchased the Raymond R. Hibbard collec- 
tion of fossils from western New York. 
Sections were made of 150 metriophylloid 
corallites and serial sections were made of 25 
of them. 

Busch made a very detailed study of his 
corals but used variable structures in classi- 
fying his specimens. By using such features 
as corallite diameter, number of septa, na- 
ture of septa (amplexoid, dilation), charac- 


EXPLANATION OF PLATE 58 


ter of fossilae, presence or absence of col- 
umella, number and nature of tabulae, and 
allowing for individual variation, the au- 
thors suggest that Busch’s species can be 
interpreted as typical specimens or variants 
of the three common species Stereolasma 
rectum (Hall), Amplexiphyllum hamiltoniae 
(Hall), and Stewartophyllum intermittens 
(Hall). 

The authors wish to thank Dr. Mildred 
Marple for the loan of Busch’s types from 
the Ohio State University Geological Mu- 
seum. 


SYSTEMATIC DESCRIPTIONS 
STEREOLASMA RECTUM (Hall) 
Pl. 58, figs. 1-16 
Strombodes? rectus Hall, 1843, p. 209, text-fig. 5, 
p. 210; Table of Organic Remains, no. 48, fig. 5 
Cyathophyllum rectum Edwards & Haime, 1851, 
p. 372. 


All figures 2 


Fics. 1-16—Stereolasma rectum (Hall). 1-7, Busch’s hypotypes, OSU 18755 and 18754 a-f; 8-J0, 
syntypes of Caninia complexa Busch, OSU 18763 b-e; 11-15, serial transverse sections of 
hypotype UMMP 36087; Wanakah shale, ‘‘demissa’’ bed, along Smoke Creek, 14 miles 
south of Reserve, Erie Co., New York; 16, longitudinal section of hypotype UM MP 36088, 
upper part of Wanakah shale, along banks of Smoke Creek at W indom, Erie Co., New York. 

17-28 ,37-39—Stewartophyllum intermittens (Hall). 17-19, Busch’s hypotypes, OSU 18751 a-c; 
20-24, syntypes of Barrandeophyllum reimanni Busch, OSU 18768 b-f; 25-28, syntypes of 


Barrandcophyllum simplex Busch, OSU 


bifurcatum Busch, OSU 18776 b-d. 


18771 b-d, f; 37-39, syntypes of Hapsiphyllum 


29-32,40-50—A mplexiphyllum hamiltoniae (Hall). 29-32, syntypes of Caninia tabulata Busch, 
OSU 18765b-e; 33-36, Busch’s hypotypes of Amplexiphyllum hamiltoniae (Hall), OSU 
18759d,e,f, and h; 40-43, syntypes of Alleynia americana Busch, OSU 18772a,d-f; 44-49, 
serial sections of hypotype UMMP 36089, upper part of Wanakah shale along Smoke 
Creek, at Windom, Erie Co., New York; 50, longitudinal section of hypotype UMMP 
36090, coral layer of lower Windom shale along small stream at Athol Springs, Erie Co., 


New York. 
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Streptelasma recta Hall, 1876, pl. 19, figs. 1-13 
partim. 

Streptelasma ungula Hall, 1876, pl. 19, figs. 14 
24 partim. 

Stereolasma rectum Simpson, 1906, p. 205, text- 
figs. 16,17; Brown 1909, p. 67-71; Busch, 
1941, p. 395, text-figs. 7-16; Stumm, 1959, 
p. 7, pl. 3, figs. 16-19; Hill, 1956, p. 257. 

Caninia complexa Busch, 1941, p. 399, text-figs. 
28-33. 

Buschphyllum complexa Stumm, 1949, p. 9, 
pl. 3, figs. 37-39. 

Description.—Corallites ceratoid to tro- 
choid, ranging from 0.7 to 5 cm. in length 
and from 1 to 2.2 cm. in maximum diameter. 
Average diameter about 1.5 cm. Exterior 
with vertical interseptal ridges and faint, 
horizontal growth annulations spaced at 
various distances apart. Calyxes with thin 
erect walls and an axially sloping basal por- 
tion. Maximum depth of calyx 1.5 cm. Septa 
ranging from 48 to 60 of which the major 
extend to axis, where by addition of stereo- 
plasm a stereocolumella is formed in the 
neanic and early ephebic growth stages. In 
the later ephebic growth stages columella 
ceases growth and major septa retreat from 
axis. Point of retreat typically just below 
base of calyx. Minor septa appear as short 


peripheral ridges at position where major 
septa retreat from axis. Tabulae relatively 
closely set, complete or incomplete, horizon 
tal axially, distally convex periaxially, de- 
flected proximally as they approach the pe 
riphery (see pl. 58, fig. 16). No dissepiments 


present. 

Remarks.—The specimen showing dissepi- 
ments illustrated by Busch (1941, p. 400, 
text-fig. 33) is apparently a small specimen 
of a species of Bethanyphyllum. Busch’s type 
of Caninia complexa (pl. 58, fig. 8) displays 
the stereocolumella characteristic of the 
neanic and early ephebic growth stages of 
Stereolasma rectum. 

Occurrence.—Middle Devonian, Hamilton 
group, Ludlowville formation, Wanakah 
shale member; Moscow formation, Windom 
shale member, western New York. 

Types.—The holotype illustrated by Hall 
(1843, p. 209, text-fig. 5) has not been 
traced. It may have been reillustrated by 
Hall (1876, pl. 19) but none of Hall’s 1876 
drawings exactly match the 1843 drawing. 
Of Hall’s 1876 hypotypes, the originals of 
figs. 1,2,11,12,13 are in the American Mu- 
seum of Natural History numbered 4464/1; 
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of figs. 3,5,7,8 in the same institution num- 
bered 4464/2; of fig. 9 in the New York 
State Museum numbered 3740, 1. The orig- 
inals of figs. 4,6,10 have not been traced. 
Some of Hall’s 1876 hypotypes may be speci- 
mens of Lopholasma carinatum Simpson 
(1900, p. 206, text-figs. 19-20) but a tangen- 
tial section must be made of each specimen 
in order to distinguish between the two 
species. Busch’s hypotypes Ohio State Uni- 
versity Geological Museum 18754 
18755; of Caninia complexa Busch no. 18673; 
hypotypes herein illustrated, University of 
Michigan Museum of Paleontology 
36087, 36088. 


nos. 


nos. 


AMPLEXIPHYLLUM HAMILTONIAE (Hall) 
Pl. 58, figs. 29-32; 40-50 
Streptelasma ungula Hall, 1876, pl. 19, figs. 14-24 

partum. 

Amplexus hamiltoniae Hall, 1876, pl. 19, figs. 20 
23; Busch, 1941, p. 397-399, figs. 17-27. 

Caninia tabulata Busch, 1941, p. 401-403, figs. 
34-40. 

Alleynia americana Busch, 1941, p. 407 
figs. 56-63. 

Amplexiphyllum hamiltoniae Stumm, 1949, p. 9, 
pl. 3, figs. 32-36; Hill, 1956, p. 257 
Description.—Typically ceratoid, 

trochoid or subcylindrical corallites, many 

irregularly contorted. Maximum diameter 
observed 2.1 cm., diameter of average coral 
lite about 1.6 cm. Exterior with relatively 
closely spaced growth annulations. Maxi- 
mum length about 4 cm., average about 3 


108, 


rarely 


cm. Calyxes typically shallow, 3-5 mm. deep 
with sloping walls. Septa in neanic stage 
typically thick, rarely thin, becoming thin- 
ner toward distal ends, major septa extend- 
ing to axis, Minor septa appearing as periph- 
eral ridges at a corallite diameter of 1.2 
to 1.6 cm. Septa in different individuals 
ranging from 48 to 59. At a corallite diam- 
eter of 0.8 to 1 cm. major septa retreat from 
axis becoming increasingly shorter and thin- 
ner distally. Cardinal fossula represented by 
shortened cardinal septum in late neanic and 
ephebic stages. Tabulae, complete or in- 
complete, from 8 to 10 to a centimeter, 
typically horizontal axially, becoming de- 
flected proximally as they approach the pe- 
riphery in the majority of specimens. In 
some, the tabulae remain horizontal to the 
peripheral wall. No dissepiments present. 
Remarks.—A study of serial sections of 
12 corallites reveals that the septa vary 
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greatly in thickness. Serial sections of a 
specimen (pl. 58, figs. 44-49) show that the 
septa in the neanic stage are long and thick, 
but become progressively thinner and 
shorter in the ephebic stage. Number of 
septa of different specimens at the same 
corallite diameter are very similar. At a 
diameter of 1 cm. the septal count in 6 
specimens is 21, 23, 26, 23, 20, and 25. 
Occurrence.— Middle Devonian, Hamilton 
group, Ludlowville formation, upper Wana- 
kah shale; Moscow formation, lower Win- 
dom shale, western New York. 
Types.—Hall’s syntypes (the originals of 
Hall’s 1876, pl. 19, figs. 20-23) American 
Museum of Natural History no. 4441/1. 
Busch's hypotypes, Ohio State University 
Geological Museum no. 18759. Busch’'s 
types of Caninia tabulata no. 18765; of 
llleynia americana no. 18772. Hypotypes 
herein illustrated University of Michigan 
Museum of Paleontology nos. 36089, 36090. 


STEWARTOPHYLLUM INTERMITTENS (Hall) 
Pl. 58, figs. 17-28,37-39 


?Strombodes distortus Hall, 1843, p. 209, text- 
fig. 4; Table of Organic Remains, no. 48, fig. 4. 

Strombodes? Hall, 1843, Table of Organic Re- 
mains, no. 49, figs. 2-2a 

Amplexus intermittens Hall, 1876, pl. 32, figs. 
8-15. 

Stewartophyllum intermittens Busch, 1941, p. 
394-395, figs. 1-6; Stumm, 1949, p. 9, pl. 3 
figs. 25-28; Hill, 1956, p. 257 

Barrandeophyllum reimanni Busch, 1941, p. 403 
405, tigs. 41-49. 

Barrandeophyllum simplex Busch, 1941, p. 405, 
figs. 50-55. 

Hapsiphyllum bifurcatum Busch, 1941, p. 409, 


> 


figs. 64-73 


Description.—Corallum subcylindrical to 
ceratoid, typically with irregularly spaced 
flangelike expansions. Calyx relatively flat, 
peripheral area reflexed in some specimens. 
Cardinal fossula weakly to moderately well 
developed (see Hall, 1876, pl. 32, figs. 8-15). 
In transverse section of neanic stage septa 
from 16 to 18, thick, extending almost to 
axis. In early ephebic stage septa from 19 
to 22, thick, extending almost to axis in 
most specimens but only two thirds distance 
to axis in others. Thick axial ends of septa 
in lateral contact produce appearance of 
aulos in a minority of the specimens. In late 
ephebic stage (just beneath base of calyx) 
septa extend about two-thirds distance to 
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axis, typically with free axial ends. At this 
point the minor septa appear as short pe 
ripheral ridges. Cardinal fossula moderately 
to well developed. In longitudinal section the 
tabulae are complete and incomplete, rela- 
tively flat-topped axially. In the peripheral 
areas they may be deflected upward, down- 
ward, or remain horizontal. No dissepi- 
ments. 

Remarks.— This form can be distinguished 
from A. hamiltoniae by the flangelike growth 
expansions on the exterior of the corallum, 
by the continuously thick and relatively 
long major septa from neanic to ephebic 
stage. The tabulae are similar to those of 
1. hamiltoniae except that they may be 
horizontal or deflected upward in the periph- 
eral regions. 

Occurrence.— Middle Devonian, Hamilton 
group, Ludlowville formation, upper Wana- 
kah shale; Moscow formation, lower Win- 
dom shale, western New York. 

Types.—Holotype of Strombodes distortus 
not located; syntypes of Stewartophyllum 
intermittens American Museum of Natural 
History 4442/1 and 4442/2; Busch’s hypo- 
types Ohio State University Geological Mu- 
seum 18751; of B. reimanni Ohio State Uni- 
versity Geological Museum 18771, of H. 
bifurcatum Ohio State University Geological 
Museum 18776. 
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BUSYCON (BUSYCON) TRITONE CONRAD 
REDESCRIBED AND REILLUSTRATED 


J. A. FAGERSTROM 
University of Nebraska, Lincoln 


Apstract—The previous literature pertaining to Busycon (Busycon) tritone 
Conrad is briefly reviewed and the species is redescribed and reillustrated on the 


basis of a well preserved topoty pe. 


INTRODUCTION 

N AuGust 1956 the writer collected an 
I unusually well preserved specimen of 
Busycon (Busycon) tritone Conrad from the 
Upper Miocene Yorktown formation near 
Yorktown, Virginia. After searching the 
literature for a suitable description and illus- 
trations of this species it became apparent 
that none was available. The species is 
rather common in the Yorktown and has 
been referred to by several authors in phylo- 
genetic and comparative studies of the 
genus Busycon (Conrad, 1867a, p. 184; 
Conrad, 1867b, p. 265; Grabau, 1903, p. 
530; Smith, 1905, p. 354-355; Gardner, 
1948, p. 239). 

Apparently Conrad originally considered 
B. (B.) tritone as a variety of B. (B.) maxi- 
mum (Conrad, 1839; 1861, p. 83) and then 
in 1863 (p. 583) he described it as a new 
species. Four years later the first illustration 
was published (Conrad, 1867b, pl. 20, fig. 2). 
Subsequent authors have been undecided as 
to how to treat the species. Grabau (1903, 
p. 530) considered B. (B.) tritone a valid 
species. The usage of Smith (1905) is ques- 
tionable; he also considered it valid (p. 354- 
355) but then illustrated a specimen (pl. 31, 
fig. 12) under the name Fulgur maximum 


which is here placed in synonymy with B. 
(B.) tritone. Then in 1948 Gardner (p. 239) 
noted the similarity between B. (B.) tritone 
and B. (B.) maximum but called attention 
to the fact that the peripheral sculpture of 
the former is spinose (tuberculated). 

Since Conrad's type specimen of B. (B.) 
tritone at the Philadelphia Academy of 
Natural Sciences is very fragile and incom- 
plete (Horace G. Richards, personal com- 
munication) the following description and 
illustrations are based upon a nearly com- 
plete topotype possessing certain features 
not mentioned in Conrad's original descrip- 
tion, 


SYSTEMATIC DESCRIPTION 
Phylum 
Class GASTROPODA 
Order RACHIGLOSSA 

Family BUSYCONIDAE 


Genus BusYCON 


Busycon Réding, 1798, p. 149; Hollister, 1958, 


p. 68. 
Fulgur Montfort, 1810, p. 503. 


Type 
1758, p. 753. 
Diagnosis. 


species—Murex aruanus Linné, 


See Hollister, 1958, p. 68. 


EXPLANATION OF PLATE 59 


Fics. 1,2 


Busycon (Busycon) tritone Conrad, 1, ventral view showing anterior portion of major 


growth ornamentation sharply bent laterally and then posteriorly before disappearing under 
the parietal shield, 1; 2, right lateral view showing foliated tubercles and anterior elon- 


gate, elevated lip-like 
UNSM 28. 


“flanges’’ on the major growth ornamentation, 1, hypotype, 
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BUSYCON (BUSYCON) 
Diagnosis.—See Hollister, 1958, p. 70. 
Busycon (BusyCON) TRITONE Conrad 

Pl. 59, figs. 1,2; pl. 60, figs. 1,2 


?Fulgur maximus var. A Conrad, 1839, inside 
back cover. 

?Busycon maximum var. A Conrad, 1861, p. 
83 non pl. 47. 

B. tritonis Conrad, 1863, p. 583; 1867b, p. 265, 
pl. 20, fig. 2. 

Fulgur maximum Smith, 1905, pl. 31, fig. 12. 

Busycon tritone Shimer & Shrock, 1944, pl. 206, 
fig. 14 


Redescription.—Shell large, heavy, sub- 
pyriform, dextral. Body whorl inflated 
posterior to mid-length and obtusely angu- 
lated posterior to greatest width. Aperture 
large, greatly enlongated anteriorly into an 
open siphonal canal and with an acute 
groove at the posterior end. Outer lip thin, 
flat to slightly concave above angulation, 
smoothly convex below, becoming gently 
sigmoid along the siphonal canal. Inner lip 
smoothly convex anteriorly becoming sinu- 
ous along the siphonal canal and with a 
smooth, wide parietal shield tightly ap- 
pressed on the body whorl throughout its 
length. 

Spire of five moderately elevated, scalari 
form whorls. Nucleus apparently of about 
one rounded whorl. Second whorl flat: 
third, fourth, and fifth whorls obtusely 
angulated. Sutures slightly impressed. 

Revolving ornamentation of two types: 
(1) prominent, short, stubby, reflexed, 
trough shaped tubercles on the angulation 
of the body whorl which grade impercep 
tibly to low, rounded nodes on the first half 
of the penultimate whorl before disappear- 
ing, (2) numerous low, rounded spiral 
threads, widely spaced on the body whorl 
becoming more sharply crested and closely 
spaced on the spire before disappearing 
about two whorls ahead of the nucleus. 


Growth ornamentation also of two types: 
(1) prominent, foliated, evenly and dis- 
tantly spaced, raised, tuberculated ridges 
anteriorly elevated into elongate, reflexed 
“flanges” on the body whorl before bending 
sharply laterally and finally bending again 
sharply posteriorly before disappearing 
under the parietal shield, (2) numerous. 
barely perceptible, more closely spaced, low, 
rounded growth lines. 

Remarks.—Although Busycon (Busycon) 
maximum Conrad, sensu stricto (see Conrad. 
1861, pl. 47) and B. (B.) tritone Conrad are 
closely related they are not conspecific and 
may be easily distinguished by the presence 
of large tubercles on the peripheral angle of 
the latter. The specimen of B. (B.) tritone 
herein described apparently differs from 
Conrad’s type in possessing conspicuously 
elevated, lip-like “flanges” on the major 
growth ornamentation toward the anterior 
portion of the body whorl. Such ornamenta- 
tion was not described or illustrated by 
Conrad or any subsequent authors with the 
exception of Smith (1905, pl. 31, fig. 12, p. 
361) who considered this to be a gerontic 
feature of B. (B.) maximum. 

The early ontogenetic development of 
B. (B.) tritone remains unknown since the 
initial whorl of the specimen herein de 
scribed is eroded. 

Occurrence-—Upper Miocene, Yorktown 
formation. From the bluffs along the south 
bank of the York River, approximately one 
mile southeast of the Yorktown-Gloucester 
Point highway bridge, York County, Vir- 
ginia. 

Type.—Hypotype No. 28, University of 
Nebraska State Museum, Lincoln. 
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EXPLANATION OF PLATE 60 


Fics. 1,2—Busycon (Busycon) tritone Conrad, 1, dorsal view showing revolving ornamentation, 1: 
2, apical view showing partially eroded nucleus and reflexed tubercles, <1, hypotype, 


UNSM 28. 


A 
am 
| 
a 
; 


450 


, 1861, Fossils of the (Medial Tertiary or) 
Miocene formation of the United States, No. 
4: p. 81-89, pls. 45-49, Phila., Judah Dobson. 

, 1863, Descriptions of new, Recent and 
Miocene shells: Proc. Acad. Nat. Sci., Phila., 
1862, p. 583-586. 

, 1867a, Synopsis of the genera Sycotypus, 
Browne, and Buscyon, Bolton: Am. Jour. 
Conchology, v. 3, p. 182-185. 

, 1867b, Descriptions of new genera and 
species of Miocene shells, with notes on other 
fossil and Recent species: Am. Jour. Conchol- 
ogy, v. 3, p. 257-297, pls. 19-24. 

GARDNER, J., 1948, Mollusca from the Miocene 
and Lower Pliocene of Virginia and North 
Carolina: U. S. Geol. Survey Professional 


FAGERSTROM 


Paper 199B, Part 2, p. 179-310, pls. 24-38. 

Grapau, A. W., 1903, Studies of Gastropoda, 
II. Fulgur and Sycotypus: Am. Naturalist, 
v. 37, p. 515-539. 

HOouuisTer, S. C., 1958, A review of the genus 
Busycon and its allies—Part I: Palaeonto- 
graphica Americana, v. 4, p. 48-126, pls. 8-18. 

SHIMER, H. W., & SHRock, R. R., 1944, Index 
fossils of North America: 837 p., 303 pls., 
New York, John Wiley & Sons. Inc. 

Smit, B., 1905, Senility among gastropods: 
Proc. Acad. Nat. Sci., Phila., v. 57, p. 345 
361, pls. 30,31. 


MANUSCRIPT RECEIVED FEBRUARY 29, 1960 


| 
| « 
| 
| 
| 
| 
| 
. 
| 
| 
| 
| 
® | 
| 
| 
| 
i 
| 
| 
| 
| 
| 
a 
| 
| 
™ 


JOURNAL OF PALEONTOLOGY, Vv. 35 


No. 3, P. 451-456, PL. 


61, 4 TEXT-FIGS., May, 1961 


NEW TEREBRATULOID GENERA FROM AUSTRALIA 


FRANCIS G. STEHLI 
Western Reserve University, Cleveland, Ohio 


ABSTRACT 


Three new genera of terebratuloid brachiopods from the Permian of 


Australia have been recognized. These genera are here described as Gilledia with 
Terebratula cymbaeformis Morris 1845 as genotype, Fletcherina with Terebratula 
amygdala Dana 1847 as genotype, and Yochelsonia with a new species ¥. thomasi 
as genotype. This investigation has included study of the internal structures of 
these forms and both serial sections and reconstructions of internal structures are 


provided. 


INTRODUCTION 


N CONNECTION with studies undertaken 

for the Treatise on Invertebrate Paleontol- 
ogy, Mississippian, Pennsylvanian and Per- 
mian terebratuloid brachiopods have been 
from all the world. Con- 
sideration of the species obtained from 
Australia has resulted in the recognition of 
three previously undescribed genera. These 
three genera are here described and 
figured. The writer wishes to express his 
thanks to G. A. Cooper, U. S. National 
Museum; H. Fletcher, the Australian Mu- 
seum, Sidney; E. D. Gill, National Museum 
of Victoria, Melbourne; G. Thomas, Bureau 
of Mineral Resources, Canberraand K.S.W. 
Campbell, University of New England, 
Armidale, N.S.W., all of whom provided 
material or offered helpful suggestions. 


assembled over 


new 


Genus GILLEDIA Stehli, n. gen. 
Text-figs. 1A,2 

Genotype.— Terebratula cymbaeformis Mor- 
ris, 1845, p. 278, pl. 17, figs. 4-5. 

Diagnosis.—Large radially carinate Die- 
lasmatidae in which the ventral valve 
longitudinally convex but transversely al- 
most flat or slightly sulcate. Dorsal valve 
longitudinally transversely convex. 
Ventral interior with pedicle collar; dental 
plates present but united with wall of ros- 
tral cavity by callus deposit. Dorsal interior 
with the crural bases attached to the floor of 
the valve, but not united by the cardinal 
plate with the socket plate; cardinal plate 
medially sessile and so divided into two dis- 
cardinalia overgrown with 


4 


1s 


crete plates; 


formis 


51 


heavy callus deposits; loop broad, tere 
bratuliform with main bands far apart. 
Geologic range.—Wyro Stage, Wooramel 
Dist., W. Australia; Marine Series, Bowen 
River Coalfield, Queensland, Australia; 
Upper Marine Series, Wyro, near Ulladulla, 
N.S.W., Australia. Early Permian. 
Geographic range.—Probably only 
the Australian region. 
Discussion.—This genus is remarkable for 
its peculiar surface ornamentation which 
pattern, not unlike that of 
members of the genus Tere- 


from 


consists of a 
some recent 
bratulina, except for waviness of the carinae. 
The carinae as in Terebratulina probably 
reflect the positions of setae in the mantle 
edge. Internally the excessive callus deposi- 
tion tends to obscure the cardinalia but the 
basic elements as described above appear to 
be present. 
Species 
Morris, 
known species 


Terebratula cymbae- 
genotype and only 


assigned. 
1845, 


GILLEDIA CYMBAEFORMIS (Morris) 
Pl. 61, figs. 1-6 


Terebratula cymbaeformis Morris, 1845, p. 378, 
pl. iz, hgs. 4,5. 

Terebratula sacculus cymbaeformis, de Koninck, 
1877, p. 225, pl. 15, figs. 4-42. 

Dielasma cymbaeformis, Etheridge, 1892, p. 225, 
pl. 9, figs. 10,11. 


Diagnosis.—Shell large, ornamented by 
faint wavy radial carinae. Ventral valve 
moderately and rather evenly convex longi- 
tudinally; transversely with slight convexity 
posteriorly but becoming flat anteriorly; 
beak erect; foramen permesothyrid, labiate; 
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Diagrammatic reconstructions of the dorsal interior of A, Gilledia, and B, Fletcherina, 


TEXT-FIG. 1 


both based on interpretation of serial sections and internal molds; C, Yochelsonia based on serial 


sections alone. 


deltidial plates conjunct; beak ridges 
rounded. Dorsal valve longitudinally of low 
convexity; transversely of moderate to high 
convexity. Anterior commissure uniplicate; 
lateral commissure sinuate. Internal char- 
acteristics as described for the genus. 
Remarks.—In his original description of 
this species, Morris (1845) figures only an 
internal mold. He therefore probably had 
no awareness of the peculiar carinate orna- 
mentation so characteristic of the species. 
His figures clearly show, however, most of 
the characteristics found in the specimen 
sectioned during the present study and the 
writer is confident that the two specimens 


are conspecific. 
Material—One almost perfect specimen 


from Upper Marine series, Wyro, near 
Ulladulla, N.S.W. Australia, (C.1I.T. 5951). 
Several internal molds, Woodbridge Glacial 
formation, Blackwood Ck. near Cressy, 
Tasmania (U. of Tasmania 25250). 


(Genus FLETCHERINA Stehli, n. gen. 
Text-fig. 1B,3 


Genotype. Dana, 
1847, p. 152. 

Diagnosis.— Dielasmatidae externally ho- 
meomorphous with Dielasma but differing 
internally in the fusion of the two halves 
of the cardinal plate to form a prominent 


Terebratula amygdala 


median septum, and in the possession of 
elongated crural points. 

Geologic range—Lower Permian. 

Geographic range.—Presently known only 
from Australia. 

Discussion.—The consistent union of the 
two halves of the cardinal plate in Fletcher- 
ina requires important soft part reorganiza- 


Idealized serial sections 
of Gilledia 


Pext-FiG. 2 
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tion. This is principally manifest in the 
changed insertion site of the dorsal pedicle 
muscles which have had to rise from the valve 
floor to an elevated position thus producing 
differences in leverage and contractility. At 
the present time no genera have been de- 
scribed which appear to be descendent from 
Fletcherina and the secondary fusion of dis- 
crete cardinal plates may represent a brief 
and unsuccessful ‘‘experiment."’ It seems 
possible, though perhaps unlikely, that con- 
tinuance of this trend could have produced 
a nearly plane secondary cardinal plate sup- 
ported by a median septum. Obsolescence 
of the middle of the hinge plate could have 
produced the cardinalia characteristic of so 
many Mesozoic terebratuloids. 

The variability in external form in this 
genus is considerably greater than that seen 
in the internal structures. F. inversa is 
strongly biplicate while F. amygdala is only 
incipiently biplicate or in many individuals 
even completely smooth. 

Species assigned.—Terebratula amygdala 
Dana and Rhynchonella inversa de Koninck. 


FLETCHERINA AMYGDALA (Dana) 
Pl. 61, figs. 7,10,11,14,15,19-—22 


Terebratula amygdala Dana, 1847, p. 152 


Diagnosis.—Shell of 
ternally indistinguishable from many species 
of Dielasma and Beecheria except for a 
tendency toward very faint biplication of 
the anterior commissure in some individuals. 
The color pattern consists of irregular radial 
bands. Internally the ventral valve shows 
dental plates and a pedicle collar. The dorsal 
interior, with the cardinal plates extending 
in a shallow “V” 
and supported by a double walled septum, 
formed from the union of the ancestrally 


moderate size; ex- 


between the socket plates 


discrete portions of a medially sessile car- 
dinal plate; crura arising from the cardinal 
plate near its unions with the socket plates; 
crural points extremely long; loop short, 
terebratuliform. 

Remarks.—Externally this species appears 


to differ considerably from F. inversa be- 
cause of the weakness of the plications which 
are sometimes developed and sometimes not. 
The tendency toward biplication together 
with the internal similarity seems to suggest 
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Idealized serial sections 
of Fletcherina 


LEXT-FIG. 3 


that both species must be placed in the 
same genus however. 

Vaterial—Four specimens, Upper Ma 
rine Series, Gerringong, N.S.W. Australia 
(C.1.T. 5956). Two specimens, ‘‘Permo- 
Carb” Greta, N.S.W. Australia (USNM 
24474). Four specimens, Upper Marine 
Series, Gerringong, N.S.W. Australia 
(USNM 112142). 


FLETCHERINA INVERSA (de Koninck) 
Pl. 61, figs. 8,9,12,13,16,26 


Rhynchonella inversa de Koninck, 1877, p. 
pl. 11, fig. 11. 
Dielasma inversa Etheridge, 1898, p. 


19, figs. 1-13. 


171, 


175-6, pl. 


Diagnosis.— Moderate to large sized Fletch- 
erina. Ventral valve longitudinally of mod- 
erate convexity which is strongest toward 
the beak, transversely of moderate con- 
vexity toward the beak but becoming 
flatter anteriorly; near or somewhat poste- 
rior to mid-length appears a median fold 
flanked by sulci which become more promi- 
nent toward the front; ventral beak erect; 
beak ridges rounded, foramen permeso- 
thyrid, labiate; deltidial plates conjunct. 
Dorsal valve of slight longitudinal convexity 
but of high transverse convexity; a median 
sulcus develops posterior to mid-length and 
is flanked by folds; a lesser sulcus and fold 
are present on the lateral slopes. Anterior 
commissure sulciplicate to episulcate; lateral 
commissures sinuate. Shell oval in outline; 
smooth or with concentric growth lines; 
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Pext-F1G. 4—-Idealized serial sections 
of Yochelsonia. 


color pattern unknown. Interior as described 
for the genus. 

Material—Two specimens from Upper 
Marine Series, Wyro., near Ulladulla, New 
South Wales, Aust. One internal mold, 
Permo-Carboniferous, Greta, N.S.W., Aust. 
(C.1.T. 5954, 5955). 


Genus YOCHELSONIA Stehli, n. gen. 
Text-Fig. 1C,4 

Diagnosis. —Small Dielasmatidae of sub- 
triangular to pentagonal outline; ventral 
valve with a high median fold bordered by 
sulci; front and sides of both valves genicu- 
late; dorsal valve longitudinally flat to con 
cave with a pronounced median sulcus. 

Ventral interior with 
dental plates and a pedicle collar; muscles 
poorly impressed and their positions un- 
known. interior with the cardinal 
plate medially sessile so as to appear as 
two separate plates extending from the 
socket plates to the valve floor; crura arising 
from these plates; plates becoming free of 
the sockets before they become free of the 
valve floor so that for a distance the crura 
are supported on a ‘‘V"’; crural points devel- 
oped to an extraordinary length; loop tere- 
bratuliform. 

Geologic range. 
zones 29-32. 


well developed 


Dorsal 


Stage, 


Calceolispongia 


Geographic range—Known only from the 
west side of the syncline south of Minilya 
River, Western Australia. 

Discussion.—This genus was probably de- 
rived from such Salt Range species as 
“Dielasma”’ biplex Waagen by extreme 
alteration of the shape of the valves. The 
internal structures are very like those of 
“Dielasma”’ biplex and the basic pattern of 
a median ventral fold flanked by sulci and 
medially sulcate dorsal valve has also been 
retained. In detail the pattern of folding 
has been greatly exaggerated. The change in 
convexity of the valves and the modifica- 
tions of the margins are features which 
place the genotype far outside the range of 
variability encompassed in ‘‘D."’ biplex and 
closely related and Vochelsonia 
thomasi is therefore considered to represent 
No descendant forms are 


species, 


a new 
known. 

Species assigned. 
Stehli, n. sp. 


genus. 


Vochelsonia  thomasi 


YOCHELSONIA THOMASI Stehli, n. sp. 
Pl. 61, figs. 17,18,23-25 


Diagnosis.—Small dielasmatids of subtrig- 
onal outline. Ventral valve of rather high 
longitudinal convexity especially near the 
beak; anterior margin geniculate; lateral 
margins geniculate, then the valve is flat- 
tened except for a high median fold which 
extends almost to the beak; beak erect; beak 
ridges slightly angular; deltidial plates con 
junct; pedicle foramen permesothyrid. Dor- 
sal valve longitudinally slightly concave; 
transversely of moderate convexity but with 
a pronounced median fold extending almost 
to the beak; front and sides of the valve 
geniculate. Shell smooth or with concentric 
growth lines especially on the geniculated 
margins. Color pattern unknown. 

Ventral interior with dental plates and a 
pedicle collar; positions of muscle insertions 
uncertain. Dorsal valve with the cardinal 
plate medially sessile and descending unsup- 
ported from the socket plates to the valve 
floor; cardinal plates becoming free of the 
socket plates first; crura greatly elongated; 
loop terebratuliform. 

Material.—Three specimens from Calceo- 
lispongia Stage zones 29-32; west side of 
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syncline south of Minilya River, Western 
Australia (U.S.N.M. 112685, 179050). 
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(Explanation of Plate 61 will be found on page 456) 


x 

m5 

fi 

* 


FRANCIS G. STEHLI 


EXPLANATION OF PLATE 61 
\ll figures 1, except, as indicated 


Fics. 1-6—Gilledia cymbaeformis (Morris). 1, dorsal exterior; 2, ventral exterior, note wavy carinae; 
3, internal mold showing features of the interior of the pedicle valve, note impressions of 
the pallial sinus system; 4, internal mold showing features of the dorsal interior, note 
positions of oR ichment of the secondarily thickened crural plates and sessile cardinal 
plates, X1.3; 5, profile, beak of ventral valve broken; 6, anterior (California Institute of 
Technology sos! Upper Marine Series, Wyro, near Ulladulla, N.S.W. Australia, 1,2,5,6; 
University of Tasmania 25250 Woodbridge glacial fm., Blackwood Ck. near Cressy, 
Tasmania, 3,4). 

7,10,11,14,15,19-22— Fletcherina amygdala (Dana). 7, semiprofile of dorsal valve showing faint 
radial color markings X1.5; 10, dorsal exte rior, note incipient plication of interior margin. 
Specimen with elongate ventral beak; /1, dorsal exterior, specimen with normal beak and 
outline; 14, internal mold showing impressions of internal structures of both valves; note 
impressions of pedicle collar and dental plates in ventral valve end of socket plates, median 
septum and medially depressed cardinal plate in dorsal valve; 15, ventral exterior of speci 
men showing little tendency toward plication; 19, rubber cast of internal mold of fig. 14, 
showing positive of internal structures noted; 20, profile; 2/, posterior; 22, anterior, showing 
plications (USNM 152877, Upper Marine Series, Gerringong, N.S.W. Australia,7,10,11,15, 
19,20-22; USNM 24474, 14). 

&,19,12,13,16,26—Fletcherina inversa (de Koninck). 8, exterior; note charac- 
teristic of this spec ies, X2; 9, Ventral exterior «2 Anterior, <2; Internal mold 
showing impressions of internal structures of both vi aos note pedi le po Ne and dental 
plates in ventral valve and median septum and socket plates in the dorsal valve; 16, 
posterior X2; 26, profile X2, (California Institute of Technology 5954, Upper Marine 
Series, Wyro, near Ulladulla, N.S. W., Australia), 

17,18 ,23 25 Yochelsonia thomasi, n. gen. et sp. 17, posterior; 18, anterior, showing geniculate 
margins; 23, ventral exterior, showing the median fold and flanking sinuses; 24, dorsal ex- 
terior showing deep median “: us; 25, profile showing the longitudinal flattening of the 
dorsal valve (USNM 179056, Calceolispongia Stage zones 29-32, west side of syncline 
south of Minilya River, Western Australia. ) 
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NEW GENERA OF UPPER PALEOZOIC TEREBRATULOIDS 


FRANCIS G. STEHLI 
Western Reserve University, Cleveland, Ohio 


ABSTRACT—Six new genera of terebratuloid brachiopods from Mississippian and 
Permian strata are described and figured. My new genera are Gacina with G. 
cooperi, n. sp., as genotype, Afilasma with A. beecheri, n. sp., as genotype, Lowen- 
stamia with L. texana, n. sp., as genotype, Pakistonte with Dielasma biplex Waagen 
as genotype, Alwynia with Dielasma vesiculare de Koninck as genotype and 
Timorina with Notothyris minuta Broili (non W aagen ) as genotype. All of the avail- 
able information regarding the internal characteristics of these forms is considered 
and diagrammatic reconstructions and idealized serial sections are presented. 


INTRODUCTION Paleontology.’’ In the course of this study 


stubyY of Paleozoicterebratuloid brachio- it became apparent that thanks to an excel- 
A pods was undertaken during the prep- lent study by Cloud (1942) Silurian and 
aration of a chapter dealing with these Devonian terebratuloids were far better 
fossils for the ‘Treatise on Invertebrate known than were their post-Devonian de- 


EXPLANATION OF PLATE 62 


Group A—Gacina moorefieldensis Stehli, n. sp. All specimens from Mooretield formation, NW }, NW 3, 
sec. 18, 15 N, R 21 E, 7 miles east, 1 mile south of Fort Gibson, Hulbert Township, dyoroke: 
County, Oklahoma (I SN M). All figures X1 except as noted. J, Dorsal exterior showing the 
generaliy pentagons i outline of the valve and the pronounc ed dorsal sulcus; 2, dorsal exterior of 

elongate individual indicating range of variation of species; 3, ventral exterior showing pro- 
med ventral fold and the characteristic lateral flattenings of this valve; 4, ventral exterior 
of more elongate specimen; 5, specimen split to reveal a part of the loop and showing the closely 
spaced descending bands ( X1.3); 6,8, profile showing relief of ventral fold above lateral flatten- 
ings, and the curvature of the beak; 7,9, anterior showing nature of the commissure. 

Group B—Afilasma beecheri Stehli, n. sp. All specimens from Chemung formation, Hornellsville, New 
York (Y.P.M.-S-1420). All figures X1. J, Ventral roy ee of the internal mold serving as holo- 
type; 2, ventral exterior of internal mold of paratype; 3, dorsal exterior of holotype showing im- 
pressions of crural plate, apical foramen and socket plates in the dorsal valve and in the ventral 

valve the impression of dental plates and pedicle collar; 4, latex impression of same specimen; 5, 
profile of holotype. 

Group C—Pakistania schucherti (Beede). All specimens from White Horse formation, White Horse 
Spring, Wood County, Oklahoma (Y.P.M-S-3699). All figures X1. 1,2, Anterior views showing 
the sulciplicate anterior commissure; 3,7, dorsal exterior showing the median sulcus and the 
bordering folds; 4,6, profiles; 5,8, Ventral exteriors showing the median fold and bordering sulci. 

Group 1)—Lowenstamia texana Stehli, n. sp. All specimens from Coleman Junction member of Putnam 
formation at San Angelo Junction, 4 miles SE of Coleman, Coleman County, Texas (C.I.T. 
5965). All figures X24. 1,9, Ventral exteriors showing variation in anterior outline; 2,4, dorsal 
exteriors showing the strong, permesothyrid, labiate beak; 3,5, profiles; 6,4, posteriors; 7,10, 
anteriors. 

Group E—Timorina broil: Stehli, n. sp. All specimens from Basleo, Timor, Dutch East Indies (C.1.T. 
5963). 1,9,10, Dorsal exteriors showing variable extention of plications onto valve ( X2); 2,3,7, 
anteriors showing the tendency toward development of a dorsal sulcus and ventral fold ( <2); 
4, dorsal aspect of loop as seen in a prepared transparency with transmitted light; note the centro- 
nelliform aspect of the loop in this view ( X4); 5, ventral aspect of loop in transparency with trans- 
mitted light; note the two peculiar recurved bands arising from the vertical plate (X4); 6, 
posterior ( X2); 8,11, profiles showing the strong longitudinal curvature of the ventral valve and 
the flattening of the dorsal valve ( X 2). 

Group F Se nag vesiculare (de Koninck). Specimen from Carboniferous limestone series, Balla- 
doole, Isle of Man, England (USNM 96998). All figures X14. 1, Dorsal exterior showing the 
subpentagonal outline of the species; 2, profile showing strong curvature of ventral valve and 
flattening of dorsal valve; 3, ventral exterior showing the three sulci and two intervening folds; 4, 
anterior showing the antiplic ate nature of the commissure; 5, posterior. 
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reconstructions of the interior of the dorsal valve of (a) Gacina, (b) 


Afilasma, (c) Lowenstamia, based on serial sections and internal molds. 


scendants. Investigation was therefore con 
centrated on Mississippian, Pennsylvanian 
and Permian forms and an attempt was 
made to obtain genotype material of all 
described genera and specimens of as many 
additional species as possible. 

The incidence of external homeomorphy 
is high among terebratuloids and it was 
therefore considered to investi- 
gate the internal structures of all species 
studied. This purpose was achieved by the 
use of silicified material, hollow specimens, 
prepared transparencies of calcite filled spec- 
imens, and when no other means were avail 
able, by the preparation of serial sections. 
These procedures resulted in the reinterpre 
tation of many described genera and in the 
recognition of a number of new genera. It 
is the purpose of this note to describe new 
genera encountered. 

The material studied in the course of this 


necessary 


investigation was obtained from many parts 
of the world and it was inevitable that many 


individuals and institutions should have 
been called upon for help. It is a pleasure to 
acknowledge the helpful criticism, thought- 
provoking discussion and/or the materials 
generously supplied by the following: G. A. 
Cooper, U. S. National Museum; P. E. 
Cloud, U. S. Geological Survey; A. J. 
Boucot, Massachusetts Institute of Tech 
nology; C. O. Dunbar, Peabody Museum, 
Yale University; N. D. Newell, American 
Museum of Natural History; J. G. Ubaghs, 
Mineralogisch Geologisch Institut, Delft; 


H. A. Lowenstam, California Institute of 
Technology; and M. H. Khan, Geological 
Survey of Pakistan. 


SYSTEMATIC PALEONTOLOGY 
Genus GAcINA Stehli, n. gen. 
Text-figs. 1A,2 
Genotype. 
n. Sp. 


Gacina moorefieldensis Stehli, 


Diagnosis.— Terebratuloids of elongately 
sub-pentagonal to elliptical outline; much 
longer than wide. Ventral fold rather broad 
at the front and less pronounced than near 
mid-length where the margins of the valve 
tend to be flattened. Dorsal valve usually 
with a distinct sulcus extending almost to 
the beak. 

Ventral interior with dental plates but 
without a pedicle collar. Dorsal interior 
with a free, perforate cardinal plate from 
which the crura arise; loop extending three- 
fourths the length of the valve; main bands 
uniting near mid-length and remaining so for 
the rest of their length; anteriorly a vertical 
plate develops; vertical plate antero-ven- 
trally split to form incipient recurved bands. 

Geologic range-—Onondagan?— Merame- 
cian in N.A., Viséan in Europe. 

Geographic range-—North America, 
rope. 

Discussions.—This genus is a link in the 
chain leading from a centronelliform loop 
type to the more or less cryptonelliform 
loops of related genera such as Cryptacanthia 
and Glossothyropsis. The loop is just begin 


Eu- 


Ly, 
| A 
| 
| 
| 
| 
| 
| 
= 
| 
| = 
=f 
| | 
| 
| 
| 
| 
| 
| 
3 | 
| 
4 
che 
‘Bee 


UPPER PALEOZOIC 


ning to develop recurved bands and prob- 
ably supported a zugolophus lophophore in 
which the recurved portion was still very 
small. The position of the loop within the 
the valves is such that in view of the 
anterior union of the main bands it seems 
unlikely that the lophophore could have 
reached the more complex plectolophus 
stage. The recurved portion of the lopho- 
phore lay largely within the ventral valve 
for it must have been situated at the antero- 
ventral margin of the split vertical plate. 
This development of the lophophore could 
have been one reason for the initial adop- 
tion of the sulcate condition found in this 
genus, for the high ventral fold would pro- 
vide ample room. The anterior margin does 
not show pronounced breaks in the even 
curvature of its outline except as occasioned 
by the intersection of the fold and sulcus 
with the commissure, and it seems likely 
that there was slight anterior separation of 
the ends of the main bands of the lophophore 
and that they were directly supported by 
the split vertical plate. 

The cardinalia have departed somewhat 
from the conservative centronellaceid pat- 
tern in the loss of the crural plates. Thus the 
free, perforate cardinal plate characteristic 
of closely related genera was already devel 
oped in Gacina,. In the ventral vaive, dental 
plates are well developed and this together 
with the nature of the cardinal plate suggests 
that Gacina did not arise from the externally 
similar Centronellinae but from some less 
specialized centronellaceid stock, possibly 
the Mutationellinae. 

Species assigned.—Gacina moorefieldensts 
Stehli, n. sp 

Species questioned.— Rhynchonella? alveata 
Hall, 1857 p. 124. The internal characteris- 
tics of this species have not been determined 
as but a single specimen is known; however, 
its external similarity to other species of 
the genus leaves little doubt of its correct 
assignment. In view of the fact that only 
one specimen has ever been found, it seems 
possible that Hall incorrectly cited the col- 
lecting horizon and that it was actually 
taken from strata of Mississippian age. 

Centronella emaciata Rowley, 1900, p. 265, 
pl. 5, figs. 48-50. The internal character 
istics of this species have not been deter 
mined, but the external form is sufficiently 
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2—Idealized serial sections 
of Gacina. 


distinctive to strongly suggest its assign 
ment to Gacina. 

Rhynchonella reflexa de Koninck, 1887, p. 
56, pl. 16, figs. 84-97. The internal charac 
teristics are not known but the external form 
suggests placement here. The general shape 
suggests later genera of the group, however, 
and it is equally possible that it belongs to 
Cryptacanthia though if so it appears about 
25 million years earlier than the next known 
representative. 


GACINA MOOREFIELDENSIS Stehli, n. sp. 
Pl. 62, group A, figs. 1-9 


Diagnosis.—Gacina of moderate size. 
Ventral valve elongately pentagonal in 
outline; longitudinally strongly convex, 
more so near the beak; transversely with 
the convexity interrupted by a pronounced 
but rounded fold and, especially near mid- 
length, by considerably flattened lateral 
margins; beak suberect; pedicle foramen 
mesothyrid, telate; deltidial plates conjunct. 
Dorsal valve pentagonal; longitudinally 
convex, but less so than the other valve; a 
pronounced but shallow sulcus arises im 
mediately anterior to the beak and con- 
tinues to the front. Interior as described for 
the genus. 

Remarks.—This_ species. differs from 
Gacina? emaciata in the presence of a pro- 
nounced sulcus in the dorsal valve. It dif- 
fers from Gacina? alveata in its narrower, 
less deepened sulcus and more strongly 
flattened lateral areas. It may be distin- 
guished from the Belgian species, Gacina? 
reflexa by the absence of a small median 
sulcus on the ventral fold. 

Material—Twenty specimens from the 
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Idealized serial sections 
of Afilasma. 


PEXT-FIG. 3 


T..15 N., R. 21 E., 7 mi. E. aad 1 mi. S. 
of Fort Gibson, Oklahoma (USNM). One 
internal mold from the Moorefield fm. on 
road to Bethesda, 6-7 mi. W. of Batesville, 


Ark. (USNM). 


Genus AFILASMA Stehli, n. gen. 
Text-figs. 1B,3 


Genotype.—Afilasma beechert Stehli, n. sp. 

Diagnosis —Moderate sized, terebratuli- 
form shells, externally homeomorphous with 
Cranaena. Ventral interior with well devel 
oped dental plates and a pronounced pedicle 
collar. Dorsal interior with the cardinal 
plate free and apically perforate, extending 
between crural plates; cardinal plate obso- 
lete between the crural plates and the socket 
plates; crura arising from the union of the 
cardinal plate and the crural plates; loop 
probably terebratuliform. 

Geologic range.-—Chemung (Upper Devo 
nian). 

Geographic range.—Known 
Hornellsville, New York. 

Discusston.—This genus represents an 
early stage in the structural development 
of the important stock represented in the 
Mississippian by such species as Beecheria 
chouteauensis and B. osceolensis and in the 
Pennsylvanian by B. bovidens. It differs 
from these species in having a nonsessile, 
perforate cardinal plate. The genus probably 
arose from an early member of the Cra- 
naeninae, possibly Cranaena itself by acceler- 
ated development of the crural bases under 
the cardinal plate. If so, the crural bases 
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eventually united with the floor of the valve 
to form crural plates. The cardinal plate 
would then have become obsolete between 
the crural plates and the socket plates. In- 
creasing concavity of the cardinal plate 
would have followed until sessility was 
achieved with the resultant formation of 
the discrete parts of the cardinal plate seen 
in the post-Devonian genus Beecheria. It is 
also possible, however, that the crural plates 
are primary and that this stock separated 
from the Cranaeninae before the latter lost 
crural plates. 

Species assigned.—Afilasma beecheri geno- 
type. 


AFILASMA BEECHER! Stehli, n. sp. 
Pl. 62, group B, figs. 1-5 


Diagnosis.—Elliptical in outline, much 
longer than wide, anterior and lateral com- 
missures rectimarginate. Ventral valve 
longitudinally mildly and evenly convex; 
transversely of low but regular convexity; 
beak erect, beak ridges slightly angular; 
foramen permesothyrid, labiate; deltidial 
plates conjunct. Dorsal valve longitudinally 
and transversely slightly convex. 

Interiors of both valves as described for 
the genus. 

Remarks.— The 
mens of this species are internal molds so 
nothing is known of the external details 
other than gross form. The characteristics 
of the ventral beak and the nature of the 
cardinalia place the genus unequivocally in 
close relationship to Beecheria. It was there 
fore considered, in view of its rarity, un 
desirable to sacrifice a specimen for section- 
ing. The terebratuliform loop has therefore 
not actually been seen, but is probably the 
only type that could have been present. The 
specimens do not show muscle scars. 

Material. 
specimens collected by C. E. Beecher from 
the Chemung at Hornellsville, N. Y., and 
now in the Schuchert Collection, Peabody 
Museum, Yale University, under the num- 
ber Y.P.M.-S-1420. The better of the two 
specimens is designated as the holotype. 


only two known speci 


This species is known from 2 


Genus LOWENSTAMIA Stehli, n. gen. 
Text-figs. 1C,4 


Genotype.—-Lowenstamia texana_ Stehli, 


n. sp. 
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Diagnosis.—Small external homeomorphs 
of Dielasma, differing internally in the ab- 
sence of dental plates and in the increasing 
obsolescence of the cardinal plates between 
the crural bases and the valve floor as they 
are traced anteriorly. 

Geologic range.—Wolfcampian (Coleman 
Junction Is. member of Putnam fm.). 
Geographic range.—Known only 

Coleman, Texas. 
Discussion.— This 
clearly a member of the Dielasmatinae as is 
shown by the permesothyrid, labiate beak, 
pedicle collar, loop and cardinalia. The loss 
of dental plates is a rather common occur- 
rence in the more advanced genera of many 


from 


small, rare genus is 


lines. The appearance of a tendency toward 
obsolescence of the cardinal plates between 
the crural bases and the valve floor is, how 
ever, unusual and extremely interesting. 
Many Mesozoic terebratuloids 
divided hinge plate with the crura arising 
from the inner wall of the socket plate. The 
development seen in Lowenstamia suggests 
a structurally possible means by which the 
common Mesozoic type of cardinalia could 
have arisen. Some Mesozoic forms having 
the divided hinge plate possess dental plates 
however, and it that 
Lowenstamia is directly ancestral to any of 
them. It is considered more probable that 
the Mesozoic divided hinge plate arose from 
the Pseudodielasmatinae rather than from 
the Dielasmatinae, but the latter possibility 
can not be overlooked. 

The interior of Lowenstamia is known only 
from serial sections but these reveal the loop 
in considerable detail and clearly show it to 
be of the terebratuliform type believed to 
have been associated with a plectolophus 
lophophore. It would be very interesting to 
know the position of insertion of the dorsal 
pedicle muscles, but unfortunately this can 
not be positively determined in the material 
studied. It seems probable, however, that 
they were inserted on the floor of the valve. 

Species assigned.—Lowenstamia iexana 
Stehli, n. sp. (genotype). 


possess a 


seems improbable 


LOWENSTAMIA TEXANA Stehli, n. 
Pl. 62, group D, figs. 1-10 


Diagnosis.—Small, rather in- 


flated Dielasmatinae. Ventral valve longi- 
tudinally strongly and evenly convex, trans- 


Sp. 


smooth, 
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TEXT-FIG. 4—Idealized serial sections of Lowen- 
stamia, Top row, longitudinal sections (1-3), 
Cross sections seen in 1-13. 


but 
sulcus; 


evenly convex posteriorly, 
anteriorly with a median 
beak erect to slightly incurved, beak ridges 
rounded; foramen permesothyrid, labiate; 
deltidial plates conjunct. Dorsal valve of 
strong longitudinal and transverse convex- 
ity. Lateral commissure nearly straight, 
anterior commisure gently uniplicate. Color 
pattern unknown. 

Ventral interior with a pedicle collar, 
without dental plates; position of muscle 
uncertain. Dorsal with 
the cardinal plates medially sessile so that 
it appears to be divided into two independ- 
ent plates extending from the sockets to 
the floor of the valve posteriorly; anteriorly 
the cardinal plates become free of the floor 
as the crural bases appear and then disap- 
pear between crural bases and the floor so 
that the crura are supported by small plates 
extending into the dorsal valve from the 
socket plates; this plate gradually becomes 
“U" shaped and then disappears as the 
crura become free of the sockets; a small 
scar is present at the apex of the valve for 
diductor attachment; placement of other 
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shallow 
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PEXT-FIG. 5 


STEHLI 


B 


Diagrammatic reconstructions of the interior of the dorsal valve of (a) Pakistania, 


(b) Alwynia, (c) Timorina based on serial sections and transparencies. 


muscles uncertain but probably as for sub- 
family; crural points normal; loop tere- 
bratuliform, with the transverse band rather 
strongly recurved. 

Material.—Fifty specimens from the Cole- 
man Junction Is. member of the Putnam 
formation at San Angelo Junction, 4 miles 
SE of Coleman, Coleman Co. Texas. (C.I.T. 
5965). 


Genus PAKISTANIA Stehli, 
Text-figs. 5A,6 


n. gen. 


Genotype.—Dielasma biplex Waagen, 1882, 

249, pl. 25, figs. 3-5. 

Diagnosis.—Medium to large terebratuli- 
form Dielasmatidae of subpentagonal to 
ovate outline, with a sulciplicate anterior 
commissure. Ventral valve of moderate 
longitudinal convexity, transversely of low 
to moderate convexity, a median fold 
bordered by sulci variable dis- 
tance posterior to the front; ventral beak 
erect to slightly incurved; pedicle foramen 
permesothyrid, labiate; beak ridges rounded; 
deltidial plates conjunct. Dorsal valve of low 
longitudinal convexity, transversely of mod- 
erate convexity; a median sulcus notches the 
fold a variable distance anterior to the beak; 
the lateral slopes of the valve vary from 
convex to mildly concave. Lateral commis- 
sure sinuate. 

Ventral interior with well developed den- 
tal plates and a pedicle collar; muscles 
poorly impressed and their positions un- 
known. Dorsal interior with the cardinal 
plates medially sessile so as to appear as 


appears a 


two separate plates extending from the 
socket plates to the valve floor; crura arising 
from these plates; plates becoming free of 
the sockets long before the floor so that for 
a distance the crura are supported ona “V"’; 
crural points developed to an extraordinary 
length; loop terebratuliform. 

Geologic range.—Permian. 

Geographic range-—Oklahoma, 
Salt Range, Pakistan; Timor, Dutch East 
Indies; near Palermo, Sicily. 

Discussion.—Pakistania is evidently re- 
lated to Dielasma from which it was prob- 
ably derived by the development of its 
characteristic sulciplicate anterior com- 
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TEXT-FIG. 6—-Idealized serial sections 


of Pakistania. 
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missure and by the excessive lengthening of 
the crural points. The loop is of such a na- 
ture as to suggest the presence, in life, of a 
plectolophus lophophore. A small apical 
flattening or rudimentary cardinal process 
is present in the dorsal valve for the inser- 
tion of the diductor muscles. In the same 
valve the anterior and posterior adductors 
are more reasonably designated median and 
lateral. The median pair are represented by 
elliptical scars while lateral scars adjoin 
those but are longer, narrower, and located 
to and at the sides of the 


just anterior 


cardinal plates. The dorsal pedicle muscles 
are inserted on the floor of the valve be- 
tween the sessile cardinal plates. The posi- 


tions of individual muscle scars in the 
ventral valve are unknown. 

In external form this genus is rather 
varied in detail though subfamily 
characters as well as the sulciplicate anterior 
commissure are always present. The folding 
may be limited to the immediate vicinity 
of the front or may extend far toward the 
umbonal region. Differences in the general 


convexity of the two valves are commonly 


basic 


found between species. 

The exact relationships of Pakistania to 
the other genera of the sulciplicate complex 
with which it is associated can not now be 
determined. This is largely because of the 
imperfectly known age of the beds at some 
of the collecting localities. It is thus impos- 
sible to determine with confidence the tem- 
poral relationship of various genera. The 
mode of folding found in Pakistania is ex- 
tremely common among Triassic and later 
terebratuloids and suggests relationship, yet 
it is difficult to see how the cardinalia of 
the Paleozoic and Mesozoic forms can be 
homologized. The most closely related genus 
appears to be YVochelsonia which is internally 
almost identical but differs externally in the 
nature of the folding. 

Species assigned.—Dielasma biplex Waa 
gen 1882, p. 249, pl. 25, figs. 3-5. 

Dielasma schucherti Beede, 1902, p. 7, pl. 
1, figs. 1-16. 

Species questionably assigned.—Dielasma 
acutangulum Waagen, 1882, p. 353, pl. 26, 
figs. 1,2, fig. 7. The specimen figured by 
Waagen in his pl. 25, fig. 7, shows the char- 
acteristic internal features of the genus with 
the exception of the loop, and a rather 
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definite assignment to Pakistania can be 
made. 

Dielasma breviplicatum Waagen, 1882, p. 
356, pl. 25, figs. 6,8; pl. 30, figs. 11,12. The 
specimen figured in pl. 25, fig. 8, shows the 
internal features of Pakistania with the ex- 
ception of the loop, and crural points. The 
latter may have been reduced in length by 
breakage. 

Dielasma problematicum Waagen 1882, p. 
351, pl. 26, figs. 3,4. This species almost 
certainly belongs here but a positive assign- 
ment can not be made without a knowledge 
of internal details which is lacking. 

PAKISTANIA BIPLEX (Waagen) 
Dielasma biplex Waagen, 1882, p. 349, pl. 25, 

figs. 3 

Diagnosis.—Large Pakistania of pentag- 
onal outline. Ventral valve of moderate 
longitudinal and transverse convexity; me- 
dian fold strong, beginning just anterior to 
the beak and gaining adjoining sulci before 
half length; beak slightly incurved. Dorsal 
valve longitudinally aimost a plane, trans- 
versely sharply convex; median sulcus and 
flanking folds beginning posterior to mid- 
length; lateral slopes of valve strongly con- 
cave. Lateral commissure strongly sinuate. 
Growth lines infrequent. Color pattern un- 
known. Interiors characteristic for the 
genus. 

Comparison.—Pakistania biplex may be 
told from other probable species of the 
genus by its large size, prominent folding, 
and by the concave lateral slopes of the 
dorsal valve. 

Material—Two specimens from Mohra, 
Salt Range, Pakistan. Two specimens from 
the Salt Range, Punjab (C.I.T., 5961). 


PAKISTANIA SCHUCHERTI ( Beede) 
Pi. 62, group C, figs. 1-8 
1902, p. 7, pl. 1, 


Dielasma_ schuchertt Beede, 


figs. 1-16. 


Diagnosis.—Small Pakistania sub- 
pentagonal to oval outline. Ventral valve 
of low longitudinal convexity, transversely 
of low convexity near the umbo and be- 
coming almost flat anteriorly; median fold 
and adjoining sulci low and appearing only 
near the front; beak erect. Dorsal valve of 
low longitudinal and moderate transverse 
convexity; median sulcus and adjoining 
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TEXt-F1G. 7—Idealized serial sections 
of Alwynia. 


folds low and appearing only near the front. 
Lateral commissure slightly sinuate. Shell 
generally without concentric growth lines. 
Color pattern unknown. Internal structures 
as described for the genus. 

Remarks.—Specimens of this species have 
been obtained only from the White Horse 
sandstone of Guadalupian age near White 
Horse Spring, Okla. Preservation is as inter- 
nal molds on which most internal characters 
are well seen. 

Comparison.—Pakistania schucherti may 
be distinguished from other species by its 
small size and by the low transverse con- 
vexity of the ventral valve. The convexity of 
the lateral slopes of dorsal valve is also use- 
ful in separating it from P. biplex. 

Material.—Sixteen topotype specimens 
from White Horse Spring, Wood County, 
Oklahoma. (Y.P.M.-S-3699). 


Genus ALwynla Stehli, n. gen. 
Text-figs. 5B,7 
Genotype.—Dielasma_ vesiculare de Ko- 
ninck, 1887, p. 30, pl. 8, figs. 23-43. 
Diagnosis —Small Dielasmatidae with an 
antiplicate anterior commissure; ventral 
valve with two folds separated medially and 
bounded laterally by sulci; dorsal valve with 
little pronounced folding; pedicle foramen 
permesothyrid, labiate. Ventral interior 
with a pedicle collar, but without dental 
plates. Dorsal interior with a_ perforate 
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cardinal plate extending unsupported be- 
tween the socket ridges. Loop short, but 
modified from a typical terebratuliform 
condition by the close approach of the main 
bands anteriorly and ‘the small transverse 
band. 

Geologic range.—Viséan (Mississippian). 

Geographic range.—Belgium and England. 

Discussion.—This genus appears to oc- 
cupy a position intermediate in the evolu- 
tionary sequence between the Cranaeninae 
and the group which includes Rostranterts. 
The absence of dental plates and the nature 
of the folding suggest relationship to Rostran- 
teris. The nature of the cardinal plate is simi- 
lar to that of both groups. The loop is clearly 
of a modified terebratuliform type but com- 
parison with early ontogenetic stages in the 
loop of Girtyella suggests that its peculiar 
nature is due to a paedomorphic tendency. 
This again suggests relationship to Rostran- 
teris and Notothyris in which the loop is 
clearly paedomorphic, never passing beyond 
the centronelliform stage. 

The appearance in the Mississippian of a 
form closely allied to genera otherwise 
known only from the Permian points to the 
fact that our knowledge of Mississippian and 
Pennsylvanian forms is peculiarly incom- 
plete. This gap in our knowledge is probably 
due to facies control, for the English and 
Belgian Viséan contain in Gacina? reflexa (de 
Koninck) at least one other terebratuloid 
unknown elsewhere and suggestive of later 
Pennsylvanian and Permian forms. It is to 
be expected that collecting from the Missis- 
sippian and Pennsylvanian will eventually 
yield forms more definitely linking Alwynia 
to the Permian members of the group of 
Rostranteris. 

Species assigned. Dielasma vesiculare de 
Koninck, 1887. 


Alwynia vesiculare (de Koninck) 
Pl. 62, Group F, figs. 1-5 


Dielasma vesiculare de Koninck, 1887, p. 
8, figs. 23-43. 


30, pl. 


Diagnosis.—Small smooth Dielasmatidae 
of suboval outline in which the ventral valve 
is longitudinally and transversely convex 
while the dorsal valve tends to be flattened 
in both directions, but is somewhat curved 
at the margins. Ventral valve with two high 
sharp folds beginning near mid-length and 
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separated and laterally bounded by sharp 
sulci. Dorsal valve with folding reduced over 
most of the valve and evident only near the 
front. Anterior commissure antiplicate. 
Ventral beak slightly incurved; pedicle 
foramen permesothyrid and labiate. An- 
terior margin usually rather straight. Nature 
of color pattern, if any, unknown. Interior 
known only from seria! sections and as de- 
scribed for the genus. 

Material——Three specimens the 
Carboniferous limestone series, Balladoole, 
Isle of Man, England. USNM 96998, 


Genus TIMORINA Stehli, n. gen. 
Text-figs. 5C,8 

Genotype.— Notothyris minuta, Broili, 1916, 
p. 68-70, pl. 127, figs. 22-29 (non Waagen 
1882). 

Diagnosis.—Small, biconvex, abundantly 
plicate, ellipitical in outline; anterior com- 
missure tending toward sulcation. Ventral 
interior with a pedicle collar, without dental 
plates. Dorsal interior with a free, perforate 
cardinal plate from which the crura arise; 
crural points short; main bands of loop unit- 
ing in centronelliform fashion and forming a 
vertical plate; recurved bands arising from 
vertical plate and running anterolaterally to 
an abrupt ending. 

Geologic range.— Middle Permian. 

Geographic range.—Timor, Dutch East 
Indies. 

Discussion._-Except for the unusual na 
ture of the loop in Timorina it deviates 
little from the characteristic pattern of 
Notothyris. It seems beyond doubt that the 
genus arose either from Notothyris or froma 
closely related but unknown genus. Increas- 
ing complexity of the lophophore is an im- 
portant and common trend in Paleozoic 
terebratuloids. Timorina is placed with the 
more conservative and typical forms, Noto- 
thyris and Rostranteris, despite its peculiar 
lophophore and loop. 

This genus shows again the evolution of a 
long loop from a centronelliform loop which 
occurred in the Terebratellacea and some 
members of the Centronellacea. It is worth 
noting that this development of the long 
loop in the Permian comes just prior to the 
development of undoubted terebratellaceans 
in the Triassic. The only features of the loop 
distinguishing Timorina from the terebrate- 
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S—-Idealized serial sections 
of Timorina. 


loids are the absence of a union of the loop 
with a median septum attached to the floor 
of the dorsal valve, the absence of a trans- 
verse connection between the recurved 
bands, and the failure of the main bands to 
separate anteriorly. It is perhaps unlikely 
that such a completely long looped stage was 
ever reached by this genus or its derivatives 
but it can not yet be shown to be impossible. 
Two methods would seem possible for the 
development of a septum uniting the dorsal 
valve and the loop. One would be the devel- 
opment of a septum beneath the cardinal 
plate and its gradual anterior extension. 
This seems improbable as there is no trace of 
such a development in any known member 
of the group. The second would be the de- 
velopment of an extension of the vertical 
plate of the loop toward the dorsal valve. 
This also seems doubtful for the vertical 
plate is itself formed by the union of the 
main bands of the loop as they bend away 
from the dorsal valve. 
Species assigned.—Timorina broili. 
TIMORINA BROILI Stehli, n. sp. 
Pl. 62, Group E, figs. 1-11 


Notothyris minuta, Broili, 1916, p. 69-70, pl. 
127, figs. 22-29 (non Waagen 1882). 


Diagnosis.—A small, biconvex species of 
ellipitical outline. Ventral valve longitudi- 
nally and transversely of high, rather even 
convexity; beak short, inflated; beak ridges 
rounded; foramen permesothyrid, labiate, 
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deltidial plates conjunct; beak smooth with 
plications beginning a variable distance in 
front of it; plications extremely variable in 
number; medial two, three or more raised 
into a faint fold. Dorsal valve longitudinally 
and transversely convex but much less so 
than the ventral valve; umbo smooth with 
plications usually confined to the anterior 
margin where a faint sulcus includes a vari- 
able number. Internal characters as de- 
scribed for the genus. 

Remarks.—Broili (1916, p. 70) has noted 
that in material from Timor which he as 
signed to Notothyris minuta Waagen the 
number and coarseness of the plications is 
highly variable. A collection of 84 specimens 
from Timor examined in the course of this 
study shows complete gradation between 
the characters ascribed by Waagen (1882) to 
Notothyris minuta and WNotothyris multi- 


plicata. It also showed, however, that both 
N. minuta and N. multiplicata of Waagen 
differ importantly in the structure of the 
loop from N. minuta of Broili. Notothyris 
minuta and Timorina broili are very close 
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external homeomorphs but internally dis- 
tinct. 

Material.— Eighty-four 
Basleo, Timor, (C.I.T. 
C.1.T. 5963:1. 


specimens from 
5963). Holotype: 
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NEW GENERA AND SUBGENERA OF JURASSIC (BAJOCIAN) 
AMMONITES FROM ALASKA! 


RALPH W. IMLAY 
U.S. Geological Survey, Washington, D. C. 


ABSTRACT 


New genera and species of Bajocian ammonites from Alaska include 


Megasphaeroceras rotundum Imlay, Dettermanites vigorosus Imlay, and Parabigotites 
crassicostatus Imlay. A new subgenus and species is Oppelia (Liroxyites) kellumi 
Imlay. Of these Megasphaeroceras, Dettermanites and Oppelia (Liroxyites) are as- 
sociated with Spiroceras? Leptosphinctes, and Sphaeroceras of late Bajocian age. 
Parabigotites is associated with Stephanoceras, Otoites, Sonninia, Witchellia and 


Lissoceras of middle Bajocian age. 


INTRODUCTION 


TUDIES of the Middle Jurassic (Bajocian) 
S ammonites from Alaska have shown that 
some of them belong to new genera and sub- 
genera. These are validated herein in order 
that the names may be used in stratigraphic 
papers now being prepared by members of 
the U. S. Geological Survey. The type speci- 
mens are deposited in the collections of the 
U. S. National Museum. All localities are 
listed in the USGS Mesozoic locality cata 
log. 


FOSSILS AND CORRELATIONS 


Parabigotites crassicostatus Imlay, n. sp. 
has been referred previously to Dactylio- 
ceras? (Martin, 1926, p. 190), Dactylioceras 
(Kellum and others, 1945) and Leptosphinc- 
tes (Imlay, 1952, p. 979). Near Wide Bay in 
the Alaska Peninsula it occurs in the upper 
part of the Kialagvik formation. On the 
north side of Cook Inlet it occurs in the 
upper part of the siltstone below the Gai- 
kema sandstone member of the Tuxedni 
formation. In the Talkeetna Mountains it 
occurs in the part of the Tuxedni 
formation equivalents. It commonly 
associated with the ammonite Stephanoceras 
and locally with Otoites, Sonninia, Witchellia 
and Lisseceras. This association indicates an 
age equivalent to the Oloites sausei zone of 
Europe. 

Oppelia (Liroxyites) kellumi Imlay, n. sp., 
Megasphaeroceras rotundum Imlay, n. sp., 
and Dettermanites vigorosus Imlay, n. sp. are 


lower 
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1 Publication authorized by the Director, U.S. 
Geological Survey. 
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the common ammonites in the lower part of 
the Bowser member of the Tuxedni forma- 
tion on the north side of the Cook Inlet 
region, Alaska. They show considerable 
resemblance to Oppelia (Oxycerites), Sphae- 
roceras, and Polyplectites respectively and 
in reports to field parties have been referred 
to those subgenera and genera. Because of 
those resemblances the lower part of the 
Bowser member has been correlated with 
the upper Bajocian of Europe (Imlay, 1952, 
p. 980) on the basis that Oxycerites and 
Polyplectites are not known from beds older 
than the upper Bajocian, and that Sphaero- 
ceras is not known above the Bajocian. 
This dating still stands, even though the 
ammonites in question are now assigned to 
new genera and subgenera and hence are of 
minor value for correlations with Europe. 
The evidence consists in part of the presence 
of Spiroceras? (Mes. loc. 21282), of a new 
species of Sphaeroceras (Mes. loc. 8572) and 
of several specimens of Leptosphinctes (Mes. 
locs. 21313, 21314, 21318) similar to L. ver- 
miformis Buckman (1920, p. 162), L. glyphus 
(Buckman) (1925, pl. 544), and L. davidsoni 
Buckman (1921, pl. 201). Of these Spiro- 
ceras ranges from the upper Bajocian to the 
upper Bathonian (Arkell, 1957, p. L206), 
Sphaeroceras ranges from the zone of Ste- 
phanoceras humphriesianum to the end of 
the Bajocian (Westermann, 1956, p. 24-35; 
Arkell, 1952, p. 77; Arkell, 1956, p. 32,50, 
142,268) and Leptosphinctes in Europe is 
typically upper Bajocian. There is a possible 
occurrence of Leptosphinctes, or of a closely 
related genus, in the middle Bajocian of 
Argentina (Jaworski 1926, pl. 13, fig. 8; 
Westermann, 1956, p. 268; Arkell, 1956, p. 
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585), but the report of Leptosphinctes in the 
middle Bajocian of Alaska (Imlay, 1952, p. 
979) was based on specimens that are herein 
referred to a new genus Parabigotites. 

Other evidence for correlating the lower 
part of the Bowser member of the Tuxedni 
formation with the upper Bajocian rather 
than with the middle Bajocian consists of 
the absence in it of any middle Bajocian 
ammonites such as occur in the underlying 
members of the Tuxedni formation. Thus 
the immediately underlying Cynthia Falls 
sandstone member contains Chondroceras 
and Normannites and the next underlying 
unnamed siltstone member contains these 
genera plus Teloceras, Zemistephanus, Ste- 
phanoceras, Oppelia (Oppelia), Witchellia 
and Sonninia. Most probably some of these 
genera would occur in the Bowser member, 
if it were as old as middle Bajocian. 


U.S.G.S. MESOZOIC LOCALITIES 


G. C. Martin, 1913. Talkeetna Mountains 
at altitude of 4200 feet on ridge west of 
creek that enters the main Boulder Creek 
from the north 3 miles above its junction 
with the East Fork. Tuxedni formation 
equivalent. 

A. Baker, 1921. Insikin Peninsula on 
right fork of Cliff Creek 2.46 miles S. 
15.5° W of mouth of Fitz Creek. Boswer 
member of Tuxedni formation about 100 
feet above base. 

A. A. Baker, 1921. Iniskin Peninsula on 
right fork of Cliff Creek 2.68 miles S 16 
W of mouth of Fitz Creek. Bowser mem- 
ber of Tuxedni formation, lower part. 

A. A. Baker, 1921. Iniskin Peninsula on 
right fork of Cliff Creek 2.58 miles S 


11034 


11036 
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11352 


12404 


19773 


19796 


19800 


19811 


19824 


19934 


19943 


19966 


15° W of mouth of Fitz Creek. Bowser 
member of Tuxedni formation, 125 to 
175 feet above base. 

W. R. Smith, 1922. Wide Bay, 1 mile up 
creek southwest of Short Creek. Kialag- 
vik formation, upper part. 

W.R. Smith, 1924. Wide Bay, southeast 
side of head. Kialagvik formation, upper 
part. 

L. B. Kellum, 1944. Wide Bay, 6.21 miles 
S 88° W of west end of Hartman Island. 
Kialagvik formation, about 225 feet 
below top. 

S. N. Daviess, 1944. Wide Bay. Float 
from bluff along southeast shore, 4 miles 
S 743° E of Mt. Alai. Kialagvik forma- 
tion, upper part. 

S. N. Daviess, 1944. Wide Bay, 4.2 miles 
due south of Mt. Alai at elevation of 1025 
feet. Kialagvik formation, upper part. 
L. B. Kellum, 1945. Wide Bay, 6.55 
miles S 56° W of west end of Hartman 
Island at elevation of 134 feet. Kialagvik 
formation, 45 feet below top. 

L. B. Kellum, 1945, Wide Bay, 5.9 miles 
S 54° W of west end of Hartman Island 
at elevation of 170 feet. Kialagvik forma- 
tion, near top. 

Helmuth Wedow, Jr., 1944, Iniskin 
Peninsula, small tributary on right side 
of Cliff Creek, 2.42 miles S 14° W of 
mouth of Fitz Creek. Bowser member of 
the Tuxedni formation, about 85 feet 
above base. 

Helmuth Wedow, Jr., 1944. Iniskin 
Peninsula, on Cliff Creek 1} miles above 
junction with Fitz Creek and 3.35 miles 
east of Tonnie Peak. Bowser member 
of the Tuxedni formation, 125 to 175 feet 
above base. 

Helmuth Wedow, Jr. and L. B. Kellum, 
1944. Iniskin Peninsula, north side of 
Gaikema Creek, one mile N 80° W of 
mouth of Fitz Creek. Siltstone about 850 


EXPLANATION OF PLATE 63 


All figures natural size unless otherwise indicated 


USNM 130899a showing sharp 
ribbing of an immature form. 2,3,6, heaves USNM 130898. Suture-line (2) drawn at 


Fics. 1-4,6—Megasphaeroceras rotundum Imlay, 


whorl height of 31 mm. 


sp. /, paratype, 


Note smoothness of internal mold. 4, paratype USNM 130899b 


showing sharp ribbing where the shell is preserved and apertural constriction and contrac- 


tion. 
5,7-9 


All specimens from USGS Mes. loc. 


Oppelia (Liroxyites) kellumi Imlay, n. sp. 


21314 


3. paraty pe, 


USNM 130889a from USGS Mes. 


loc. 21318. Suture-line (2) drawn at whorl height of 15.5 mm. 7, ventral view of paratype 


USNM 130888 from USGS Mes. loc. 


19943. 8. holotype USNM 130886 from USGS Mes. 


loc. 2001 showing adult body chamber. 9, paratype USNM 130887a from USGS Mes. loc. 


20001 showing adult body chamber. 
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feet below base of Gaikema member of 
Tuxedni formation. 

Helmuth Wedow, Jr., and L. B. Kellum 
1944. Iniskin Peninsula, northeast side 
of Tonnie Creek 0.9 mile S 48° E of 
Tonnie Peak. Bowser member of Tuxedni 
formation, about 100 feet above base. 

R. W. Imlay and D. J. Miller, 1948. Same 
as Mes. Loc. 19773. 

R. W. Imlay and D. J. Miller, 1948. 
Tuxedni Bay area, on tributary entering 
Bear Creek from the southeast 4.75 miles 
S 22° W of Fossil Point. Bowser member 
of the Tuxedni formation, about 300 
feet above base. 

R. W. Imlay and D. J. Miller, 
Iniskin Peninsula. Same as Mes. 
11036. 

R. W. Imlay and D., J. 
Iniskin Peninsula. Same as 
11034. 

R. W. Imlay and D. J. Miller, 1948. 
Iniskin Peninsula on Cliff Creek near 
Mes. loc. 21313. Bowser member of the 
Tuxedni formation, float from lower 175 
feet. 

R. W. Imlay and ID. J. Miller, 1948. 
Iniskin Peninsula on Tonnie Creek 1.0 
to 1.05 miles S 51° E of Tonnie Peak, 
Bowser member of the Tuxedni forma- 
tion, 50 to 125 feet above base. 

Arthur Grantz, 1950. Lake Hickerson 
area, 5.3 miles S 55° E of peak of Mt. 
Iliamna. Siltstone about 300 feet below 
base of Gaikema sandstone member of 
the Tuxedni formation. 

Arthur Grantz, 1951. Tuxedni Bay area, 
0.3 mile above mouth of tributary enter- 
ing Bear Creek from southeast at point 
2.53 miles from Tuxedni channel. Bowser 
member of the Tuxedni formation, about 
100 feet above base. 

Arthur Grants, Richard Hoare and R. W. 
Imlay, 1952. Talkeetna Mountains A-1 
quad., from a landslide scar 1.63 miles 
north of mouth of Albert Creek. Lower 
part of Tuxedni formation equivalent. 


1948. 


Loc. 


Miller, 
Mes. 


1948. 


Loc. 


22529 


22709 
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24821 Arthur Grantz and L. F. Fay, 1953. 
Anchorage D-2 quad. on Sheep Creek. 
Lat. 61° 59’ 17” N., Long. 147° 38’ 35” 
W., Tuxedni formation equivalent, upper 
half. 

R. L. Detterman, 1957. Inisikin Penin- 
sula on Cliff Creek near Mes loc. 21313. 
Bowser member of the Tuxedni forma- 
tion, 200 feet above base. 

R. L. Detterman, 1958. Iniskin Peninsula 
on Tonnie Creek 0.81 mile N 55° W of 
Iniskin Bay Association No. 1 well. 
Bowser member of the Tuxedni forma- 
tion, 75 to 100 feet above base. 

Western Gulf Oil Co., 1959. Talkeetna 
Mountains A-1 quad., near Crooked 
Creek south of Nelchina, Lat. 62° 02’ N., 
Long. 147° 18’ W. Tuxedni formation 
equivalent, lower part. 


26593 


SYSTEMATIC DESCRIPTIONS 
Family OpPELUDAE Bonarelli, 1893 
Genus OppPELIA Waagen, 1869 
Subgenus LrroxyITEs Imlay, n. subgen. 


This subgenus resembles Oxycerites Rollier 
in its highly involute coiling, discoid shape, 
sharp venter, and presence of numerous 
auxiliary lobes in its suture line. It differs by 
its falcoid ribs being much broader and more 
closely spaced, by the presence of conspicu- 
ous falcoid striae, and by the ribs and striae 
persisting well onto the adult body chamber 
instead of fading. Other possible distinctions 
are the weak crenulations on the keel formed 
by the continuations of the ribs and the 
striae; the presence on some specimens of 
two raised spiral bands instead of a single 
median spiral band; and the development of 
eccentric coiling on the adult body chamber. 
The type species of Liroxyites is Oppelia 
(Liroxyites) kellumi Imlay, n. sp. 


EXPLANATION OF PLATE 64 


All figures natural size unless otherwise indicated 


Fics. 1-3 


Dettermanites vigorosus Imlay, n. sp. 1, paratype USNM 130897a from USGS Mes. loc. 


11936 showing septate whorls. 2,3, holotype USNM 130895 from USGS Mes. loc. 21318. 
Suture line (2) drawn at whorl height of 18.5 mm at adoral end of outer septate whorl. 


4-10 


Parabigotites crassicostatus Imlay, n. sp. 4, paratype USNM 130914 from USGS Mes. 


loc. 22529. Suture line (2) drawn at whorl height of 7.5 mm. 5,6, paratype USNM 130912 
from USGS Mes. loc. 19966.; 7, paratype USNM 130916 from USGS Mes loc. 27577; 8-10, 
holotype, USNM 130909 from USGS Mes. loc. 11352. Suture line (2) drawn near adoral 
end of outer septate whorl. Body chamber is represented by 1} whorls but does not show 


the aperture. 
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QOprELiA (LIROXYITES) KELLUMI 
Imlay, n. sp. 
Pl. 63, fig. 5,7-9 
?Oppelia (Oxycerites) ex. gr. fallax (Guéranger), 

Frebold, 1957, Canada Geol. Survey Mem. 287, 

p. 54-56, pl. 28, fig. 2 (not figs. 1a, b) 

This species is represented by 50 speci- 
mens of which most retain some shelly 
material. The shell is a discoidal, highly 
involute compressed oxycone. The coiling 
becomes slightly eccentric on the body 
chamber. The lower parts of the flanks are 
subparallel, but the upper parts converge 
toward the venter. The venter is acute and 
bears a narrow open keel (Arkell, 1957, p. 
291) that is generally slightly pinched at its 
base and, wherever the shell is preserved, is 
marked by faint continuation of the ribbing. 
The umbilicus is extremely small on the 
septate part of the shell but widens a little 
on the body chamber. The umbilical wall is 
low, vertical, and rounds rather abruptly 
into the flanks. The body chamber occupies 
half a whorl. The aperture terminates 
abruptly in a gentle, forwardly incline, 
falcoid curve. 

The ornamentation consists of weak to 


moderately strong falcoid ribs, falcoid striae 
and faint, broad spiral bands. The falcoid 
ribs are low and nearly as broad as the inter- 
spaces. They are barely visible ata diameter 
of 22 mm. and gradually become higher and 


broader during growth except near the 
aperture of the adult where they weaken. 
They arise near the middle of the flanks as 
bundles of striae, become stronger ventrally, 
weaken considerably at the keel and are 
faintly indicated on the keel wherever the 
shell is preserved. On internal molds, how- 
ever, the ribs end abruptly at the keel. They 
do not split into secondary ribs. The falcoid 
striae cover the entire surface of the shell 
parallel to the ribs but unlike the ribs are not 
visible on the internal molds. On some speci- 
mens a faint spiral band occurs at about 
two-fifths of the height of the whorl and 
another at three-fifths of the height of the 
whorl. 

The suture line is finely frilled, has a 
longer ventral than lateral lobe, and has 
seven auxiliary lobes that diminish regularly 
toward the umbilical seam. 

Most of the specimens are too imperfect 
for accurate measurements. However, the 
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specimen shown on plate 63, figure 7 at a 
diameter of 62 mm. has a whorl height of 35 
mm., a whorl thickness of 13 mm., and an 
umbilical width of 4 mm 

This species bears broad falcoid ribbing 
closely similar to that of an ammonite from 
the Fernie group of Alberta, Canada de- 
scribed by Frebold (1957, p. 54-56, pl. 28, 
fig. 2) as Oppelia (Oxycerites) ex. gr. fallax 
(Guéranger) and it may be identical specifi- 
cally. However, it differs from the European 
Oppelia (Oxycerites) fallax (Guéranger), as 
described by Arkell (1951, p. 56-60, pl. 5, 
figs. 1-3; pl. 8, figs. 1la,b; text-figs. 15,16) 
by having broader, lower, and more closely 
spaced falcoid ribs that persist onto the 
adult body chamber. The large smooth 
adults of the European species of Oxycerites 
contrast markedly with the ribbed adult 
whorls of Oppelia (Liroxyites) kellumi Imlay, 
n. sp. from Alaska. 

The eccentric coiling of the Alaskan spe- 
cies contrasts also with the tight coiling of 
most species Oxycerites, but does occur on 
Oxycerites knapheuticus (Buckman) (1924, 
pl. 479) from the lower Bathonian of Eng- 
land and on Oxycerites tilli (Loczy) (1915, 
pl. 4, fig. 3) from the Callovian of Hungary. 

The weak spiral bands on the Alaskan 
species are not nearly as well developed as 
the spiral grooves and ridges on Strigoceras 
(see Arkell, 1957, p. L272) and are not ac- 
companied by fine furrows and ridges, or by 
a hollow keel, as in that genus. 

This species is named in honor of Lewis B. 
Kellum of the University of Michigan who 
collected some of the type specimens. 

Types: Holotype, USNM 130886; para- 
types, USNM 130887, b, 130888, 130889a-c, 
130890. 

Occurrence: Lower part of the Bowser 
member of the Tuxedni formation, Iniskin 
Peninsula, at USGS Mes. locs. 11035, 11036, 
19943, 20001, 21282, 21313, 21314, 21315, 
21318, and 27099. 


Family OroiripAE Mascke, 1907 
Genus MEGASPHAEROCERAS, n. gen. 


This genus resembles Sphaeroceras Bayle 
in its globular shape, tiny umbilicus, sharp, 
wiry ribbing, and a tendency for the internal 
mold to be smooth or nearly smooth. It 
differs markedly, by the adult 
body chamber tightly coiled 


however, 
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except at the aperture enlarging adorally 
instead of contracting, and bearing much 
weaker ribbing than the septate whorls 
Furthermore, the apertural constriction is 
followed by a weak swelling rather than by a 
flared collar and the adults are much larger 
than in any described species of Sphaero 
ceras. The suture line has moderately broad 
lobes and saddles, has an irregularly trifid 
first lateral lobe that is slightly longer than 
the ventral lobe, and bears a general resem- 
blance to that of the genus Labyrinthoceras 
Buckman (1919, pls. 134,135). 

The type species of \/egasphaeroceras is 
AM. rotundum Imlay, n. sp. 


MEGASPHAEROCERAS ROTUNDUM 
Imlay, n. sp. 
Pl. 63, figs. 1-4,6 


The species is represented by about 60 
specimens. The shell is stout to moderately 
stout and is tightly coiled. The whorls are 
depressed, wider than high, widest on the 
lower fourth of the flanks, becoming more 
depressed with growth, embracing preceding 
whorls nearly completely. The flanks and 
venter are evenly convex. The umbilicus is 
extremely small. The umbilical wall is low, 
vertical at base, and rounds fairly abruptly 
into flanks. The body chamber is represented 
by three-fifths to three-fourths of a whorl. 
The aperture curves strongly forward and 
terminates abruptly. It is marked on the 
internal mold by a broad constriction fol 
followed by a weak swelling that is not 
apparent where the shell is preserved. At the 
apertural constriction there is a slight con 
traction of the body whorl. 

The ribbing on the septate part of the 
shell is sharp and gently flexuous. The pri- 
mary ribs are radial on the umbilical wall 
and curve forward on the lower fourth of the 
flank where some of them bifurcate. From 1 
to 3 secondary ribs arise freely near the zone 
of furcation between the primary ribs. All 
secondary ribs become higher and sharper 
ventrally, curve forward on the flanks, and 
cross the venter with a slight forward arch- 
ing. 

The ribbing on the adult body chamber 
weakens considerably but persists adorally 
to near the aperture as low broad ribs and 
striae. The shell at the apertural constriction 
is marked only by striae. 
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The ribbing on the internal molds of the 
septate whorls is much weaker than on the 
shell, but the greatest weakening occurs on 
the internal molds of the adult body cham- 
ber where the ribbing becomes very weak 
and on some specimens is indistinct. 

The suture line is rather finely divided and 
has moderately broad saddles and lobes. The 
first lateral lobe is irregularly trifid and 
slightly longer than the ventral lobe. The 
second lateral lobe is much shorter and nar- 
rower than the first. The second lateral 
saddle is broader and lower than the first 
lateral saddle. The general sutural pattern is 
similar to that of Labyrinthoceras intricatum 
Buckman (1919, pl. 135). The suture line of 
Sphaeroceras brongniarti (J. Sowerby) illus- 
trated by Westermann (1956, text-fig. 6 on 
p. 31) has a broader first lateral lobe and a 
narrower second lateral saddle. 

The dimensions of the type specimens in 
millimeters are as follows: 


Whorl Whorl 


Diameter 
height thickness 


Specimen 


Paratype 130899c 92? 53 ? 
Holotype 130898 62 33 $2? 
Paratype 130899b 63 35 ? 
Paratype 130899d 48 30 4 
Paratype 130899a 4} 25 25 


Types: holotype, USNM _ 130898; para- 
types, USNM 130899a-d, 130900 

Occurrence: Lower part of Bowser mem- 
ber of the Tuxedni formation at USGS Mes. 
locs. 11035, 11036, 19943, 21282, 21313, 
21314, 21315, 21318, 22709, 26593. 


Family STEPHANOCERATIDAE 
Neumayr, 1875 
(Genus DETTERMANITES Imlay, n. gen. 


This genus resembles Stephanoceras in 
coiling, shape, ornamentation and sutural 
pattern, but differs by having elongate 
lateral lappets. In this respect it is similar to 
Polyplectites, but differs by being much 
larger, by developing coarser ribbing on its 
body chamber, and by its ventral lobe being 
appreciably longer than its first lateral lobe. 
In Polyplectites these lobes as illustrated by 
Westermann (1954, p. 337,341,345) are 
nearly of the same length. The genus Nor- 
mannites, whose long lateral lappets some- 
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what resemble those of Dettermanites, has 
fewer secondary ribs that are much stronger 
relative to the primary ribs. Both ribbing 
and sutural pattern indicate an assignment 
of Dettermanites to the Stephanoceratidae 
rather than to the Otoitidae. 

The type species of Dettermanites is D. 
vigorosus Imlay, n. sp. 

This genus is named in honor of Robert L. 
Detterman of the Alaskan Geology Branch 
of the U. S. Geological Survey. 


DETTERMANITES VIGOROSUS 
Imlay, n. sp. 
Pl. 64, figs. 1-3 

This species is represented by 10 speci- 
mens preserved in concretions that with 3 
exceptions reveal only one side of the speci- 
men. The whorls are nearly coronate in 
section, much wider than high, and embrace 
the preceding whorls nearly one-half. The 
body whorl is slightly contracted from the 
penultimate whorl. The umbilicus is moder- 
ately wide. Its wall is steeply inclined and 
rounds evenly into the flanks. The body 
chamber occupies about three-fourths of a 
whorl. The aperture bears lateral lappets. It 
is marked on internal molds by a constric- 
tion, followed by a collar, and then by 
lappets. 

The ribbing consists of prominent widely- 
spaced primary ribs that incline forward 
slightly and terminate near the middle of the 
flanks in acute tubercles. From these pass 
bundles of two, or rarely three, much weaker 
secondary ribs that incline forward on the 
flanks and cross the venter transversely. 
Many rib bundles are separated by single 
ribs that arise freely along the zone of furca- 
tion. Both ribs and tubercles become gradu- 
ally stronger and sparser during growth. 

The suture line is characterized by its 
ventral lobe being appreciably longer than 
the first lateral lobe and by the second 
lateral lobe being much shorter. The first 
first lateral lobe is irregularly trifid. 

The holotype at a diameter of 89 mm., has 
a whorl height of 32 mm., an estimated whorl 
thickness of 36 mm., and an umbilical width 
of 41 mm. 

This species has much coarser ribbing 
than any described species of Polyplectites 
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except possibly P. dorni (Roche) (1939, p. 
222; Dorn, 1927, p. 240, pl. 5, fig. 6; Wester- 
mann, 1956, p. 342, pl. 32, figs. 4a,b) which 
is much smaller and apparently less evolute. 

Types: holotype, USNM _ 130895; para- 
types, USNM 130896, 130897a,b. 

Occurrence: Lower part of Bowser mem- 
ber of the Tuxedni formation, Iniskin 
Peninsula, at U.S.G.S. Mes. locs. 11034 
11036, 19934, 21314 and 21318. Talkeetna 
Mountains at U.S.G.S. Mes. locs. 8572 and 
24821. 


Family PERISPHINCTIDAE 
Steinmann, 1890 
Subfamily LEPTOSPHINCTIN AE 
Arkell, 1950 


Genus PARABIGOTITES, n. gen. 


This genus is characterized by highly 
evolute coiling; by ovate depressed whorl 
sections; by high, sharp, forwardly inclined 
ribs that bifurcate above the middle of the 
flanks and are not interrupted on the venter; 
by the ribbing remaining strong on the body 
chamber; by the peristome terminating 
simply, and by the suspensive lobe being 
strongly retracted. 

It greatly resembles Bigotites Nicolesco 
(1918, p. 36) in shape, coiling, and ribbing. 
It differs by lacking a smooth band along the 
midventral line, by the secondary ribs 
merely arching forward gently on the venter 
instead of forming an obtuse angle, by its 
constrictions being less strongly developed, 
and by having a strongly retracted suspen 
sive lobe. Furthermore its constrictions are 
not followed by segmental enlargements of 
the shell or by changes in the ribbing such 
as described by Nicolesco (1931, p. 9-12) for 
Bigotites. 

Parabigotites shows great resemblances, 
also, to Prorsisphinctes Buckman (1921, pl. 
200; Siemeradzki, 1899, pl. 22, fig. 27) which 
Arkell (1957, L314) considers to be a sub- 
genus of Leptosphinctes. It differs by having 
sharper, higher ribbing that becomes 
stronger adorally on the adult whorls instead 
of weakening or fading. It appears also to be 
more evolute and to have a lower whorl 
section. 

The type species of Parabigotites is P. cras- 
sicostatus Imlay, n. sp. 
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PARABIGOTITES CRASSICOSTATUS 
Imlay, n. sp. 
Pl. 64, figs. 4-10 
Dactylioceras sp. A. 1945, Kellum, Daviess and 

Swinney, U. S. Geol Survey, figs. 5A-B (not 

C-E) 

This species is represented by about 65 
specimens of various sizes of which most are 
crushed and fragmentary. The shell is dis- 
coidal and moderately compressed. The 
whorls are ovate in section, a little wider 
than high, and embrace about one-fourth of 
the preceding whorls. The flanks and venter 
are evenly rounded. The umbilicus is wide 
and shallow. The umbilical wall is low, 
nearly vertical, and rounds evenly into the 
flanks. The incomplete body chamber on the 
holotype is represented by four-fifths of a 
whorl. The apertural margin is simple, is 
projected forward slightly on the venter, and 
is preceded by a nearly smooth area. 

The small and intermediate sized whorls 
bear prominent, widely spaced primary ribs 
that incline forward gently on the lower 
parts of the flanks and pass abruptly into 
weaker secondary ribs at about two-fifths of 
the height of the flanks. The ventral ends of 
the primary ribs are strongly swollen but are 
not distinctly tuberculate. The secondary 
ribs arise in pairs that incline forward on the 
flanks more strongly than the primary ribs. 
All secondary ribs arch forward gently on 
the venter which they cross without inter- 
ruption. Two or three weak constrictions 
occur on each whorl. 

Adorally on the penultimate and body 
whorls the ribbing becomes increasingly 
coarser, the secondary ribs become nearly as 
strong as the primary ribs and the constric- 
tions become more pronounced. Many of the 
secondary ribs are indistinctly connected 
with the primary ribs and some arise freely 
along the zone of furcation. All secondary 
ribs arch forward on the venter which they 
cross without weakening. 

The suture line, partly exposed on the 
holotype, is characterized by broad saddles, 
by the second lateral saddle being almost as 
wide and high as the first lateral saddle, and 
by the suspensive lobe being well retracted. 

The holotype has been crushed somewhat 
laterally, but at a diameter of 102 mm., hasa 
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whorl height of 28 mm., a whorl thickness of 
32 mm., and an umbilical width of 54 mm. 
On paratype USNM_ 130910, the same 
dimensions are 83, 20, 23, and 46 mm. re- 
spectively. 

The appearance of this species in lateral 
view is strikingly similar to that Bigotites 
pulcher Nicolesco (1931, p. 21, pl. 2, fig. 1) 
from Europe, differing mainly in its some- 
what higher, sharper, and more closely 
spaced ribs, and less pronounced constric- 
tions. In ventral view it is readily differen- 
tiated, however, by lacking a smooth mid- 
ventral area and by the ribs arching evenly 
across the venter instead of meeting at an 
angle along the midventral line. It differs 
from most of the species of Leptosphinctes 
(Prorsisphinctes) (Buckman, 1921, pls. 200, 
211,247; 1922, p. 326; 1923, pl. 386,446; 
1925, pls. 544,545) by having much coarser 
ribbing that becomes stronger on the body 
chamber instead of becoming weaker. How- 
ever, its inner whorls are similar in appear- 
ance to the small specimen described as 
Phanerosphinctes phanerus Buckman (1921, 
pl. 211), which Arkell (1958, p. 168) assigns 
questionably to Prorsisphinctes 

Type: Holotype, USNM_ 130909; para- 
types, USNM 130910-130916. 

Occurrence: Kialagvik formation at 
USGS Mes. locs. 11352, 12404, 19773, 
19796, 19800, 19811, 19824, 21258 in the 
Alaska Peninsula; lower siltstone mem- 
ber of the Tuxedni formation at USGS Mes. 
locs. 19966, 22529, 25831 on the north side of 
Cook Inlet; Tuxedni formation equivalent 
at USGS Mes. loc. 24113 in the Talkeetna 
Mountains. 
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ORBITOLINAS FROM CARIBBEAN ISLANDS! 


RAYMOND C. DOUGLASS 
U.S. Geological Survey, Washington, D. C. 


ABSTRACT 


The foraminiferal genus Orbitolina is recognized in the Dominican 


Republic, Puerto Rico, Barbados, and Trinidad. The species present indicate an 


Albian (Early Cretaceous) age. 
species of Orbitolina. 


INTRODUCTION 


( rbitolina-bearing limestone samples from 
D four islands in the Caribbean area 
present an interesting extension of a study 
on the orbitolinas of North America (Doug- 
lass 1960). Three of the occurrences under 
consideration have been noted previously. 
Orbitolina sp. was mentioned and illustrated 
by Vaughan and Cole (1941, p. 31, pl. 8, figs. 
2,3,4) from Trinidad. Specimens of Orbito- 
lina were illustrated and described as Orbito- 
linoides senni by Vaughan (1945, p. 22, pl. 2) 
from Barbados, and Orbitolina 
texana was mentioned from the Dominican 
Republic by Woodring (1954, p. 723). The 
fourth occurrence is from Puerto Rico and 
was recognized in material submitted for 
examination by James P. Owens. 

None of the samples available is large and 
in the material from Trinidad, the originally 
figured specimens are all that are available 
for study. The material from the Dominican 
Republic was provided by W. P. Woodring. 
MacGillavry (1937, p. 11), Mayne (1949, p. 
532) and Woodring (1954, p. 723) have 
mentioned Orbitolina from the Cretaceous of 
Cuba but no specimens are available for 
comparison in this study. 


concava 


DOMINICAN REPUBLIC 


Two samples of Orbitolina in limestone are 


available from the Dominican 
(localities 1 and 2, text-fig. 1): 

1. Collection W-18 of W. P. Woodring, 
Dec. 24, 1941, on the road from Hato 
Mayor to Sabana de la Mar, 8 kilo- 
meters north-north-west of Hato May- 
or, Seibo Province, Dominican Repub- 
lic. 


Republic 


! Publication authorized by the Director, U.S. 
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Orbitolinoides senni Vaughan is recognized as a 


2. Collection W-19 of W. P. Woodring, 
Dec. 24, 1941, on the road from Hato 
Mayor to Sabana de la Mar, 9.2 kilo- 
meters north-north-west of Hato May- 
or, Seibo Province, Dominican Repub- 
lic. 


Thin sections were prepared from selected 
random slices of the limestone of each 
sample. The specimens in collection W-18 
are illustrated on plate 65 as figures 6,8-15. 
They are assignable to Orbitolina oculata 
Douglass. In North America this species is 
found in the upper part of the Glen Rose 
limestone equivalents in Arizona and New 
Mexico. In the Caribbean it is also found in 
Puerto Rico and Trinidad. It has well devel- 
oped marginal and radial zones and has 
common to abundant calcite eyes in the 
central complex. 

The specimens in collection W-19 are 
illustrated on plate 66 as figures 1-4. They 
are assignable to Orbitolina minuta Doug- 
lass. This species is common throughout the 
upper part of the Glen Rose limestone and 


‘ Sabana de la Mar 


» 


DOMINICAN REPUBLIC 


4 MILE 
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Text-F1G. 1—Localities 1 and 2 in the 
Dominican Republic. 
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its equivalents in North America from 
Arizona to Florida. In the Caribbean this 
species has not been recognized on the other 
islands. It has well developed marginal and 
radial zones and no calcite eyes. 

Woodring (1954, p. 722-23) mentioned 
the occurrence of Orbitolina concava texana 
in limestones of the Cordillera Central of the 
Dominican Republic. He considered them to 
be of Aptian-Albian age. The Albian age 
appears to be the more likely, based on the 
orbitolinas. 


PUERTO RICO 


During a program of mapping in Puerto 
Rico samples of limestone were sent to the 
author for study of the micro-faunas. Two 
samples collected by J. P. Owens contained 
specimens of Orbitolina. They are: 


3. Collection JPO-CE-2 of James P. 

Owens from the point shown on text- 
figure 2 southeast of Comerio, Comerio 
quadrangle, Puerto Rico. 
Collection JPO-CY-1 of James P. 
Owens from the point shown on text- 
figure 3 southwest of Cayey, Cayey 
quadrangle, Puerto Rico. 


The specimens from JPO-CE-2 are illus- 
trated on plate 65 as figures 4,5,7 and are 
assignable to Orbitolina oculata Douglass. 
Although the specimens from J P0-CY-1 are 
poorly preserved and not illustrated, they 
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66°15’00" 66°07/30" 


18° 
30/7 
TEXt-F1G. 2—Locality 3 in the Comerio 
quadrangle Puerto Rico. 
oculata 


are also assignable to Orbitolina 


Douglass. 
BARBADOS 


One or more free specimens of Orbitolina 
are available from each of the following 
localities (shown on text-fig. 4): 


5. Barbados. St. Andrew’s Parish. Mur 


EXPLANATION OF PLATE 65 


Magnifications X10 except figs. 11 and 15, which are X20 


Fics. 1-3 


Orbitolina oculata Douglass from Trinidad. J. Subaxial section, USNM 545833; 2. Deep 


tangential section, USNM 545834; 3. Subaxial section, USNM 545835. All from H. G. 


Kugler K2945d. 


4,5,7—Orbitolina oculata Douglass from Puerto Rico. X10. 4. Subaxial section, USNM 627401; 
5. Subaxial section, USN M 627402; 7. Basal section, USNM 627403. All from J. P. Owens 


CE-2. 
6,8-15 


Orbitolina oculata Douglass from the Dominican Republic. 6. Subaxial section, USNM 


627404; 8. Oblique section, USNM 627405; 9. Basal section, USNM 627406; 10. Oblique 
section, USNM 627407; 71. Partial axial section just grazing the proloculus, USNM 
627408; 12. Oblique section, USNM 627409; 13. Oblique section, USNM 627410; /4. Basal 
section, USNM 627411; 15. Basal section, USNM 627412; All specimens from W. P. 


Woodring W-18. 
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TEXT-FIG. #—Outline map of Barbados, and map 
of the Scotland district with localities 5 to 15. 


TEXT-F1G. 3—Locality 4 in the Cayey 


quadrangle, Puerto Rico. dle Chalky Mount member of Upper 


Fics. 1-4 


phys member of the Upper Scotland 
formation on left bank of Murphys 
River, west of Murphys village, 2—3 
meters southwest of confluence with 
Groves River. Collection S. 34C. of A. 
Senn, Aug. 18, 1937. 

Barbados. St. Andrew's Parish. Chalky 
Mount member of Upper Scotland 
formation on ridge on northern side of 
Murphys River, 65 meters northwest 
of Murphys Bridge. Collection S. 36 
of A. Senn. July 26, 1937. 

Barbados. St. Andrew's Parish. Mid- 


Scotland formation in left bank of 
Mount Hillaby River 46-54 meters 
east of Murphys-Friendship road. 
Collection S. 58 of A Senn. August 20, 
1937. 

Barbados. St. Andrew's Parish. Base 
of lower Chalky Mount member of 
Upper Scotland formation on small 
road leading from Friendship-Estate 
to Mahogany Wood on Richmond 
Ridge, in curve about 100 meters east 
of Friendship Bridge on Murphys 
River. Collection S. 61 of A. Senn. 
August 21, 1937. 


EXPLANATION OF PLATE 66 


Magnifications X10 except figs. 6, 7, and 9, which are X20 


Orbitolina minuta Douglass from the Dominican Republic. /. Strongly oblique section, 


USNM 627413; 2. Oblique section, USNM 627414; 3. Oblique section enclosed by algae, 
USNM 627415; 4. Deep tangential section, USNM 627416. All specimens from W. P. 


Woodring W-19. 


Orbitolina sennit (Vaughan) from Barbados. 5. Basal section of a cotype from S102A 
figured by Vaughan (1945, pl. 2, fig. 4), USN M 627417; 6. Subaxial section of a cotype from 
S168 figured by Vaughan (1945, pl. 2, fig. 5), USNM 627418; 7. portion of the surface of 
a specimen from $36 showing the subdivisions of the marginal zone, USNM 627419; 8. 
Upper surface of a cotype from $58 figured by Vaughan (1945, pl. 2, fig. 2), USNM 627420; 
9. Portion of the upper surface of the same specimen X20 to show the subdivisions of the 


marginal zone. 
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Barbados. St. Joseph's Parish. Base of 
middle Chalky Mount member of 
Upper Scotland formation in slope 
between Spa Peak Canegarden River 
on western side of cross-fault scarp. 
Collection S. 80 of A. Senn. Sept. 13, 
1957. 

Barbados. St. Andrew's Parish. Chalky 
Mount member of Upper Scotland 
formation in northern slope of Chalky 
Mount. Collection S. 102 of A. J. 
Mestier and A. Senn. March 1, 1938. 
Barbados. St. Joseph's Parish. Top of 
lower Chalky Mount member of Up- 
per Scotland formation along foot- 
path on northeastern side of Spa 
Peak. Collection S. 152 of A. J. 
Mestier, J. Rose, and A. Senn. July 
10, 1938. 

Barbados. St. Andrew's Parish. Up- 
per Chalky Mount member of Upper 
Scotland formation on northern slope 
of Chalky Mount near Senn locality 
S. 102 (Loc. 10 above). Collection S. 
168 of A Senn. Oct 22, 1938. 
Barbados. St. Andrew's Parish. Mid- 
dle Chalky Mount member of Upper 
Scotland formation in western part of 
Chalky Mount massif, at northeast 
ern side of flat-topped ridge 80-90 
meters south of S. 375 (loc. 15 below) 
and 165-180 meters SSW. of S. 360 
(loc. 14 below) Collection S. 359 of A. 
Senn. Sept. 28, 1942. 

Barbados. St. Andrew's Parish. Mid 
dle Chalky Mount member (upper 
part) of Upper Scotland formation on 
prominent ridge in western part of 
Chalky Mount massif (approximately 
550 meters WSW. of highest summit 
of Chalky Mount. Collection S. 360 of 
A. Senn, May 16, 1939. A. S. Mestier 
June 6, 1939. 

Barbados. St. Andrew's Parish. Mid 
dle Chalky Mount member (upper 
part, same horizon as S. 360 or loc. 
14 above) of Upper Scotland forma- 
tion in western part of Chalky Mount 
massif, in small ravine approximately 
100 meters southwest of S. 360 (loc. 
14 above). Collection S. 375 of A. 
Senn. June 6, 1939 and November 5, 
1940. 


DOUGLASS 


The specimens from these samples were 
described by Vaughan (1945, p. 23, pl. 2) 
as Orbitolinoides senni Vaughan, n. gen. n. 
sp. He distinguished between these and 
Orbitolina on the basis of the supposed ab 
sence of a marginal zone in the Barbadian 
specimens. Study of the types reveals a thin 
but well developed marginal zone on these 
specimens. Many of the specimens are 
abraded and the marginal zone is partly or 
completely removed, but two of the illus- 
trated cotypes and two paratypes have the 
marginal zone preserved. Plate 66 figures 
5,6,8,9 illustrate three of the originally fig- 
ured cotypes. O. senni is an Orbitolina. Plate 
66, figure 7 is a previously unfigured para- 
type with the surface just slightly eroded 
and showing the cellular subdivisions of the 
marginal zone. Orbitolina senni (Vaughan) 
resembles Orhbitolina oculata 
some respects but is sufficiently different in 
the development of the marginal and radial 
zones to be recognized as a distinct species. 


Douglass in 


Most of the specimens available have been 
described in tabular form by Vaughan (1945, 
p. 24, table 1). 

The age of the Barbadian material is 
problematic. The specimens of Orbitolina 
appear to represent an Early Cretaceous 
(Albian) age. The collections to which they 
are attributed, however, are reported to be 
of Eocene age (Vaughan, 1745, p. 4,5). 
Vaughan noted, however, that blocks of 
pre-Eocene rock have been incorporated in 
the Scotland formation by mud-flows and it 
is possible that the orbitolinas were intro- 
duced from such blocks. Although many of 


the specimens are worn, there is no direct 


evidence of their being reworked and no 
known rocks of Cretaceous age outcrop on 
the island. 


PRINIDAD 


Three thin-sections of a limestone con 
taining orbitolinas from Trinidad are pres- 
ent in the U. S. National Museum forami 
nifera collections. They are from Collection 
K2945d of H. G. Kugler from a block in a 
boulder bed on the Bon Accord Estate, 
Pointe-a-Pierre, Trinidad. Lat. N. 10°19’20” 
Long. W. 61°27'10’. This locality is plotted 
as No. 16 on text-figure 5. 

Three random sections of Orhbitolina ocu- 
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Locality 16 near Pointe-a-Pierre, 
lrinidad 


PEXT-FIG. 


lata Douglass are represented and are illus- 
trated on plate 1 as figures 1-3. Vaughan 
and Cole (1941, p. 31, pl. 8, figs. 2-4) noted 
the specimens and referred them to Orbito- 
lina sp., stating that they were probably 
referrable to O. texana (Roemer). 


CARIBBEAN ISLANDS 


REFERENCES CITED 


DouGtass, R. C., 1960, The foraminiferal genus 
Orbitolina in North America: U. S. Geol. Sur- 
vey Prof. Paper 333. 

MacGIiLiavry, H. J., 1937, Geology of the 
province of Camaguey, Cuba, with revisional 
studies in rudist paleontology: Utrecht Univ., 
Geog. Geol. Mededeel. Physiog.—Geol.Reeks, 
no. 14, 169, p., 10 pls., 1 fig. 

Maync, Worr, 1949, The foraminiferal genus 
Choffatella Schlumberger in the Lower Cre- 
taceous of the Caribbean region (Venezuela, 
Cuba, Mexico, and Florida): Eclogae Geol. 
Helvetiae, v. 42, p. 529-547, pls. 11,12, fig 1. 

VAUGHAN, T. W., 1945, American Paleocene and 
Eocene larger foraminifera, in Vaughan, T. W., 
and Wells, J. W., American Old and Middle 
Tertiary larger foraminifera and corals: Geol. 
Soc. America Mem., 9, p. 1-175, pl. 1-46, figs. 
1-11. 

, AND W. S., 1941, Preliminary report 
on the Cretaceous and Tertiary larger foram- 
inifera of Trinidad, British West Indies: Geol. 
Soc. America Special Paper 30, 137 p., 46 pl., 
2 figs. 

WooprinG, W. P., 1954, Caribbean land and sea 
through the ages: Geol. Soc. America Bull., v. 
65, p. 719-732, 1 pl., 3 figs. 


MANUSCRIPT RECEIVED JANUARY 20, 1960 


479 
4 
2 
4 
| \ 
| | | 
re | San Fernando 
| | 
| | | 

| 

j 
—4 
{ 
= 

4 


JOURNAL OF PALEONTOLOGY, 


v. 35, No. 3, Pp. 480-488, pPLs. 67-68, 2 TEXT-FIGS., May, 1961 


MIOCENE ECHINOIDS FROM THE VALLE 
CENTRAL, COSTA RICA* 
J. WYATT DURHAM# 


ABSTRACT—Echinolampas woodringi n. sp., Pericosmus israelskyi n. sp., Schizaster 
costaricensis n. sp., Schizobrissus kewi n. sp., Plagiobrissus costaricensis n. sp., and P 
malavassui n. sp. are described. Brissopsis n. sp., and Clypeaster sp. indet. are re- 
corded and figured. It is concluded that the echinoids probably lived in water be- 
tween 100 and 300 meters deep. Most of these echinoids have their closest relatives 
in the Mesén and Tuxpan formations of Mexico and the Ojo de Agua formation of 


Venezuela. 

HE echinoids described here were col- 
lected by Enrique Malavassi V. from 
the east slope of the ridge between Candel- 
aria triangulation station and Rio Ciruelas, 
2.9 km. south-southeast of Turrtcares, San 
José Province, Costa Rica (USGS locality 
20001) in 1957. They were subsequently sub- 
mitted to me for identification and descrip- 
tion by W. P. Woodring, of the United 
States Geological Survey. I am grateful to 
Dr. Woodring and Sefior Malavassi for the 
opportunity of studying them. Reference 
should be made to the accompanying paper 
by Woodring and Malavassi for an account 
of the stratigraphy at the fossil locality and 
conclusions as to the age. The Committee 
on Research of the University of California 
supplied funds for preparation of the illus 

trations. 
The specimens from locality are 
assigned to eight species representing seven 


this 


genera. Seven of the species are considered 
to be new, although one (Brissopsis n. sp.) 
is not named because the single specimen 
is too incomplete. The eighth species (Clype- 
aster sp. indet.) is represented by two in- 
complete specimens that are inadequate for 
specific comparison. Schizaster costaricensis 
n. sp. is by far the most abundant species, 
being represented by 10 specimens. Peri- 
cosmus woodringi n. sp. is represented by 
three individuals, the other species by one 
or two specimens only. 

Ecology.—Schizaster orbignyanus A. Agas- 
siz, which is the living species most closely 
related to S. costaricensis n. sp. is recorded 
(Mortensen, 1951, p. 306-308) from depths 


* A contribution from the Museum of Paleon- 
tology of the University of California. 

+ Department of Paleontology, University of 
California, Berkeley 4, California. 


of 120-365 meters. The other living species 
of the genus mostly occur in shallower water. 
Seven of the nine known living species of 
Pericosmus (Mortensen, 1951, p. 176-200) 
are recorded from depths of 90 to 486 meters, 
one species was dredged from a depth of 18 
to 70 meters, and the depth range for the 
ninth species is unknown. Species of the 
genus Plagiobrissus, represented in the col- 
lection by three specimens, are found living 
(Mortensen, 1951, p. 496-500) mostly; in 
“shallow water.’’ The genus Echinolampas 
had its major development in the Early 
Tertiary, but is represented by at 
three living species that are found in depths 
(Mortensen, 1948, p. 267-268) of eight to 
1600 meters. The numerous living species 
of Brissopsis (Mortensen, 1951, p. 380-432) 
occur in shallow water and out to depths of 
over 2000 meters. The genus Clypeaster is 
largely littoral to sublittoral in habitat, but 
it is known to occur at depths as great as 500 
meters (Durham, 1955, p. 121). The genus 
Schizobrissus is extinct. Summarizing the 
above data on the bathymetric range of the 
living relatives of the members of this fauna, 
it seems most probable that the fossils lived 
in waters between 100 and 300 meters deep. 

Age.—The genus Schizobrissus is recorded 
from the Eocene through the Miocene 
(Mortensen, 1951, p. 454). S. kewi n. sp. 
most closely resembles Macropneustes dubius 
Israelsky (1924) from the Tuxpan formation 
of the Tampico, Mexico area. The Tuxpan 
formation is currently assigned to the lower 
Miocene (Vindobonian and latest Burdigal- 
ian) in the terminology of the guidebook for 
the Tampico embayment prepared for the 
International Geological Congress 
(Maldonado Koerdell, 1956, p. 16, 87-90). 
Schizaster dumblei Israelsky, a close relative 
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of S. costaricensis n. sp., was described from 
Dumble’s San Rafael beds (now referred to 
the Mesén formation, see Muir, 1936, p. 
133), and also occurs in the Tuxpan forma- 
tion (Maldonado Koerdell, 1956, p. 88). The 
Mes6n formation was assigned to the upper 
Oligocene and correlated with the European 
late Chattian and Aquitanian in the guide- 
book referred to above (Maldonado Koer- 
dell, 1956, p. 16, 71-76). It is to be noted 
that in this guidebook the Aquitanian is con- 
sidered to be upper Oligocene rather than 
lower Miocene as is common usage in most 
current American works (e.g. Cooke, Gard- 
ner, and Woodring, 1943). Thus on the 
basis of the guidebook age assignments, the 
Mes6n and Tuxpan formations would be 
referred to the lower and middle Miocene, 
respectively, in the usual North American 
terminology. Schizaster costaricensis n. 
however, seems to be most closely related 
to the S. cf. eurynotus of Jeannet (1928) 
from the Ojo de Aqua formation of Venez- 
uela. This formation has been assigned to 


the upper Miocene and correlated with the 
European Sarmatian and Pontian by Renz 
(1948, p. 77). Echinolampas woodringi n. sp. 
is related (but not closely) to FE. aldrichi 
Twitchell from the late Oligocene Chicka 
sawhay formation of the Gulf Coast. Peri 
cosmus israelskyi n. sp. is comparable to P. 
stehlint Jeannet from the Caujarao forma- 
tion (‘‘Damsite Venezuela, of 
lower middle Miocene (correlated with the 
European late Burdigalian and Helvetian 
by Renz, 1948, p. 77) age. Plagiobrissus 
malavassii n. sp. seems to be closely related 
to the fragmentary P. /amberti Jeannet from 
the lower Ojo de Agua formation of Venez- 
uela. The three other species in the collec- 
tion do not furnish a basis for any significant 
comparison. In summary, the new echinoids 
from Costa Rica are most closely related to 
species that are recorded from formations 
of lower, middle and upper Miocene (in 
common American usage) ages. 


series’’) of 


SYSTEMATIC DESCRIPTIONS 
Genus ECHINOLAMPAS Gray, 1825 
Type species ECHINANTHUS OVATUS Leske 
ECHINOLAMPAS WOODRINGI Nn. sp. 
Pl. 68, figs. 2,3,7; text-fig. 1,A; 
text-fig. 2,A. 


Test of medium size, periproct and peri- 
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stome only partially preserved; outline 


nearly rounded; test slightly depressed, with 
apical system rising to slight point; apical 
system about three-sevenths distance from 
anterior end; petals slender, pores in outer 
row only slightly longer than in inner row; 
in paired petals posterior row of pore-pairs 


considerably longer than anterior 
ambitus rounded; peristome slightly ante- 
rior, floscelle poorly developed; peristome 
elongated laterally; periproct moderately 
large, ovate, submarginal. 

Dimensions of holotype: length 61.4 mm., 
width about 59.5 mm., height 28.3 mm. 
S. Nat. Mus. no. 
S. Nat. Mus. nos. 


row; 


Types: holotype, U 
563454; 2 paratypes, U 
563455. 

This species is related to Echinolampas 
aldrichi Twitchell from the late Oligocene 
Chickasawhay marl! of Alabama and Mis- 
sissippi, but differs from it by having a less 
elevated apical system and more inflated 
margins, as well as by more slender petals. 


Genus CLYPEASTER Lamarck, 1801 
Type species: CLYPEASTER ROSACEUS 
Lamarck = ECHINUS ROSACEUS Linnaeus 
CLYPEASTER sp. indet. 

Pl. 68, fig. 4. 


Two fragments of an unidentifiable flat- 
tened Clypeaster with an inflated margin, 
elongate raised petals and moderately ele- 
vated petaloid area. In general aspect the 
fragments suggest the living C. ravenellit (A. 
Agassiz) but the elevated and nearly closed 
petals readily distinguish the fossil. The 
best specimen was probably about 90 mm. 
long. 

Hypotypes, U.S. Nat. Mus. nos. 563456, 
563457. 


Genus Pericosmus L. Agassiz, 1847 
Type species PERICOSMUS LATUS 
L. Agassiz. 
PERICOSMUS ISRAELSKYI Nn. sp. 
Pl. 67, figs. 5,8,11; text-fig. 1, I, L; 
text-fig. 2,E. 

Test moderately large, hemispherical; 
apical system slightly anterior; paired petals 
long, well developed, rather deeply sunken; 
anterior petal in shallow depression; apical 
system crushed; surface eroded so that 
fascioles are indistinct; a slight aboral eleva- 


tion in posterior interambulacrum with 
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Text-F1G. 1—All magnifications X.67. The fascioles are well preserved in the stippled areas; the 
solid lines indicate traces present; dashed lines represent inferred position. A.-Echinolampas wood- 
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peristome about one-fourth distance from 
anterior margin; labrum short. 

Dimensions of holotype: length 87 mm., 
width 83.8 mm., height 47.8 mm. 

Holotype: U. S. Nat. Mus. no. 563458. 

Among the species described from the 
New World, Pericosmus israelskyi appears to 
be most closely related to Pericosmus stehlini 
Jeannet (1928, p. 43-44, pl. 4, figs. 21-24) 
from the ‘‘Damsite Series (?)"’ of Venezuela, 
considered to be ‘“‘middle Miocene by 
Jeannet. The ‘‘Damsite Series’ is now 
termed the Caujarao formation and_ is 
referred to the lower middle Miocene by 
Renz (1948, p. 77). However P. israelskyi 
is higher proportionally and has a more 
rounded profile than Jeannet’s species. 
Sanchez Roig (1949, p. 245-248, pl. 38, 
figs. 1-4) has recorded 3 species of Pericos- 
mus (P. roigi Lambert, P. camagiieyanus 
Sanchez Roig, and P. cubanus Palmer in 
Sanchez Roig) from the Eocene and Oligo- 
cene of Cuba. His illustrations are not ade- 
quate for recognition of his species but from 
the measurements they are all more flat- 
tened than the Costa Rican species. 


Genus SCHIZASTER L. Agassiz, 1836 
Type species: S. sTUDERI L. Agassiz 
SCHIZASTER COSTARICENSIS n. sp. 
Pl. 68, figs. 8,10,11,13; text-fig. 1,C,F; 
text-fig. 2,G,H. 


Test moderately large, outline cordate; 
high posteriorly, sloping anteriorly; apical 
system about one-third distance from pos- 
terior end, petals strongly depressed; genital 
pores 2; posterior end truncated, overhang- 
ing, periproct high on truncation; inter- 
ambulacrum 5 with strongly developed keel 
on apical surface; peristome slightly less 
than one-fifth distance from anterior end, 
labrum well developed; anterior paired 
petals nearly twice as long as posterior 
petals; anterior petal deeply excavate, 
broad, pore-pairs arranged in a single se- 


ringi n. sp. Holotype, U. 
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ries, peripetalous and lateroanalfa scioles 
present; peripetalous fasciole closely paral- 
leling outer edge of paired petals; adoral 
areas covered with large tubercles, tubercles 
on aboral surface much finer. 

Dimensions of holotype: length 76.5 mm., 
width 70.7 mm., height 47.3 mm. 

Types: Holotype, U. S. Nat. Mus. no. 
563459; figured paratype, U.S. Nat. Mus. 
no. 563460; 8 other paratypes, U. S. Nat. 
Mus. no. 563461. 

There are ten specimens of this species, 
all at least slightly distorted by crushing. 

In all specimens the position of the apical 
system and relative lengths of the petals is 
about the same. In one poorly preserved 
specimen the width seems to be as great as 
the length, but in the others the rela- 
tive dimensions are similar to those of the 
type. 

This species belongs to the group of 
Schizaster eurynotus L.. Agassiz, the type of 
Aplospatangus Lambert, 1907. Mortensen 
(1951, p. 300) considers A plospatangus to 
be a true Schizaster, a conclusion which is 
here accepted. 

This species is most closely related to S. 
cf. eurynotus Agassiz of Jeannet (1928, pl. 
V, figs. 6-8) but differs from it by being 
more elongate and having the posterior 
petals proportionally longer. S. eurynotus of 
the same author (ibid., p. 44-47, pl. IV, 
figs. 25,26) has about the same proportions 
as the present species, but has shorter pos- 
terior petals. These two species are from the 
Ojo de Agua formation, considered by 
Jeannet to be of middle Miocene age but 
Renz (1948, p. 77, table 15) has referred 
this formation to the upper Miocene. 

The living Caribbean S. orbignyanus A. 
Agassiz has a more central apical system 
and much shorter posterior petals than the 
present species, but seems to be the most 
closely related living species. S. scherzeri 
Gabb (1881, p. 348, pl. 45, figs. 28,28a,28b) 


S. Nat. Mus. no. 563454. Apical view; B, E.-Schizobrissus kewi n. sp. 


Holotype, U. S. Nat. Mus. no. 563463. B, apical view. E, posterior view; C, F.-Schizaster costari- 
censis n. sp. Holotype, U.S. Nat. Mus. no. 563459. C, apical view. F, posterior view; D.-Brissopsis 


n. sp. Hypotype, U. 


S. Nat. Mus. no. 563462. Apical view; G, J.-Plagiobrissus costaricensis n. 


sp. Holotype, U. S. Nat. Mus. no. 563464. G, apical view. J, posterior view; H, K.-Plagiobrissus 
malavassti n. sp. Holotype, U. S. Nat. Mus. no. 563465. H, apical view. K, posterior view; J, L.- 
Pericosmus israelskyi n. sp. Holotype, U.S. Nat. Mus. no. 563458. J, apical view, L, posterior view. 
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from the Miocene ‘‘above Paquare, on the 
Reventazon river” of Costa Rica, is another 
related species. According to Gabb’s figures 
his species has a more nearly central apical 
system and lacks the posterior overhang. 
Schizaster dumblet Israelsky (1924, p. 141), 
originally figured in Dickerson and Kew 
(1917, pl. 18, fig. 2; pl. 19, fig. 2; pl. 20, 
fig. 2) as S. has a more 
central apical system and shorter anterior 
paired petals. It was described from Dum- 
ble’s San Rafael beds, now considered part 
of the Mes6n formation (Muir, 1936, p. 133) 
of the Tampico region. Arnold and Clark 
(1927, p. 60, pl. 12, figs. 5,6) have recorded 
S. dumblei from the Spring Mount district 
of Jamaica. 


scherzert Gabb, 


Genus Brissopsis L. Agassiz, 1840 
Type species: BRISSOPSIS ELEGANS L. 
Agassiz 
BRISSOPSIS n. sp. 

Pl. 67, figs. 4,7; pl. 68, fig. 5; text-fig. 1,D; 
text-fig. 2,B. 


Test missing anterior one-fourth, slightly 
crushed; moderately large, elongated; pos- 
terior truncated, periproct at top of trunca 
tion; apical apparently — slightly 
anterior; genital pores not apparent; pos 
terior petals confluent for about half their 
length, deeply incised; anterior lateral petals 
not as deep; anterior petal deeply incised; 
position of peristome uncertain, but ante- 
rior; plastron with a moderate keel poste- 
riorly. 


system 


EXPLANATION OF 


DURHAM 


Dimensions of hypotype: length (incom- 
plete) 68 mm.; width (crushed) 54 mm.; 
height (crushed laterally) 35 mm. 

Hypotype, U. S. Nat. Mus. no. 563462. 

The specimen is not complete enough to 
furnish the basis for an adequate descrip- 
tion. There does not seem to be any closely 
comparable New World fossil species, but 
it is probably referrable to the of 
Brissopsis lyrifera (Forbes), the type of 
Kleinia Gray, 1851. Mortensen (1951, p. 
371-375) says that there are all intermedi 
ates between typical Brissopsts and typical 
Kleinia. Brissopsis blanpiedi Grant and 
Hertlein (see Cooke. 1942, p. 49, pl. LN figs. 
23-28) is a somewhat similar type from the 
middle Oligocene of Mississippi. 


group 


Genus SCHIZOBRISSUS Pomel, 1869 
Type species BRISSUS CRUCIATUS 
Agassiz 
SCHIZOBRISSUS KEWI n. sp. 

Pl. 67, figs. 2,6,9; text-fig. 1,B.E; 
text-fig. 2,C. 


Test moderately large, surface largely 
abraded; outline elongate cordate, anterior 
depression about 

end, 


moder 


shallow; apical system 
three-eights distance from 
elevated; paired petals elongate, 
ately depressed; anterior petal broader but 


anterior 


about equally depressed; peripetalous fas 
ciole not well preserved but indented be 
tween anterior and posterior petals; genital 
pores four; median depression in apical sys- 
tem extending into posterior interambu- 


PLATE 67 


All magnifications X0.75 approximately 


1,3,10 
view. 3, apical view. 10. oral view. 
2,6,9—Schizobrissus kewi n. sp. Holotype, | 
oral view. 9, apical view. 


4,7 
58,11 
8, oral view. 11, apical view. 


Plagiobrissus malavassii n. sp. Holotype, U. 


Brissopsis n. sp. Hypotype, U.S. Nat. Mus. 
Pericosmus israelskyi n. sp. Holotype, | 


S. Nat. Mus. no. 563465. /, right lateral 


’.S. Nat. Mus. no. 563463. 2, left lateral view. 6, 


no. 563462. 4, oral view. 7, apical view. 
_S. Nat. Mus. no. 563458. 5, left lateral view 
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lacrum; posterior interambulacrum frac- 
tured, but with moderately developed aboral 
keel; posterior end truncated, slightly over- 
hanging; periproct moderately large, at top 
of truncation; peristome well anterior, mar- 
gin incomplete; plastron poorly preserved. 

Dimensions of holotype: length 82 mm., 
width 72.2 mm., height 39.5 mm. 

Holotype, U. S. Nat. Mus. no. 563463. 

This species resembles \/acropneustes 
dubius Israelsky (1924, p. 143-144, pl. 3, 
fig. 1), a new name for J/. antillarum Cot- 
teau of Dickerson and Kew (1917, pl. 24, 
fig. 1, pl. 26, figs. la-1b) non Cotteau, from 
the Tuxpan formation of the Tampico re- 
gion but differs from it by its less inflated 
shorter petals, and more 
nearly straight anterior paired petals. The 
peripetalous fasciole is only preserved in a 
few places on the single specimen but it 
clearly had a trace similar to that of Israel 
sky’s type and to that shown by Cotteau 
(1875, p. 39, pl. 7, figs. 1-3) for his original 
Peripneustes antillarum. 

Israelsky (1924, p. 144) noted that his 
species and Cotteau’s did not seem to be 
typical \/acropneustes and suggested that 
they should be removed from the genus. 
Cotteau’s antillarum was the type of his 
Peripneustes which has been placed in the 
synonomy of the earlier Schizobrissus Pomel. 


test, posterior 


The embayment of the peripetalous fasciole 
between the petals seems to form a sound 
basis for separation of Schizobrissus from 
Macropneustes. 
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Genus PLAGIOBRISsUS Pomel, 1883 
Type species: ECHINUS GRANDIS Gmelin 
PLAGIOBRISSUS COSTARICENSIS Nn. sp. 
Pl. 68, figs. 6,9,12; text-fig. 1,G,J; 
text-fig. 2,F. 


large, elongate ovoid, slightly 
crushed laterally; apical surface inflated, 
posterior interambulacrum raised to a 
rounded keel; apical system slightly over 
one-third distance from anterior end; paired 
petals only slightly depressed except where 
distorted by crushing; anterior petal slightly 
depressed, with minor keel-like ridges adja- 
cent to it; posterior end truncated, eroded, 
apparently not overhanging; plastron long 
and narrow, with well developed median 
keel; peristome small, slightly over one- 
fourth distance from anterior end; peripetal- 
ous fasciole approximately parallel to ambi- 
tus; apical system confused by crushing; 
large aboral primary tubercles worn, con- 
fined inside peripetalous fasciole, and con- 
tinuous between paired petals; pores in 
outer row in paired petals slightly more 
elongate than in inner row. 


Test 


Dimensions of holotype (crushed later- 
ally) length 96.6 mm., width 55.5 mm., 
height 37.2 mm. 

Holotype, U. S. Nat. Mus. no. 563464. 

The single available specimen is obviously 
slightly compressed laterally but the less 
eccentric apical and 
clearly separate it from the 
Plagiobrissus malavassit n. sp. No described 


system peristome 


associated 


EXPLANATION OF PLATE 08 


\ll magnifications X0.75 approximately 


2 


3, apical view. 7, oral view. 


Plagtobrissus malvaassii n. sp. Paratype, U.S. Nat. Mus. no. 563466. Oral view. 
,3,7—Echinolampus woodringi n. sp. Holotype, U. S. Nat. Mus. no. 563454. 2, left lateral view. 


Clypeaster sp. indet. Hypotype, U.S. Nat. Mus. no. 563456. Apical view. 


9,12 
9, oral view. 12, right lateral view. 
8,10,11,13 


5—-Brissopsis n. sp. Hypotype, U.S. Nat. Mus. no. 563462. Right lateral view. 
6, Plagiobrissus costaricensis n. sp. Holotype, U. S. Nat. Mus. no. 563464. 6, apical view. 


Schizaster costaricensis n. sp. Holotype, U. S. Nat. Mus. no. 563459. 8, left lateral 


view. 10, oral view. 11, posterior view. 13, apical view. 
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species of the genus approaches it in the 
degree of elongation and the inflated apical 
surface. 


PLAGIOBRISSUS MALAVASSII n. sp. 
Pl. 67, figs. 1,3,10; Pl. 68; fig. 1; 
text-fig. 1,H,K; text-fig. 2,D. 


Test large, outline ovoid, moderately 
Hattened; posterior truncated, with slight 
overhang; paired petals moderatly de- 
pressed; anterior petal only slightly de- 
pressed; apical system nearly two-fifths 
distance from anterior end; posterior inter 
ambulacrum slightly raised on aboral sur- 
face; peripetalous fasciole not well preserved 
but approximately parallel to margin of 
test; peristome about one-fifth distance from 
anterior end; plastron long, moderately nar- 
row, ridged; subanal fasciole enclosing a 
cordate area with a typical radiate arrange- 
ment of pore pairs; periproct pyriform, on 
posterior truncation, not visible from above; 
large adapical tubercles all within peripetal- 
ous fasciole, continuous across area between 
paired petals; outer row of pores in petals 
more elongate than pores in inner row. 

Dimensions: Holotype, length 69.8 mm., 
width 58.4 mm., height 25.1 mm.; paratype, 
length (estimated) 88 mm., width 73.3 mm., 
height 28.5 mm. 

Types: Holotype, U. 
563465; paratype, U. 
563466. 

This species may be related to P. lamberti 
Jeannet (1928, p. 38-41, pl. 5, figs. 1,2; text- 
fig. 12), which was founded on a very in- 
complete specimen, but seemingly is more 
elongate. Plagiobrissus loveni (Cotteau) 
(1875, p. 41-42, pl. 8, figs. 7,8) has a more 
central apical system. The various Eocene 
species (dixie, gardnerae, carolinensis, curvus, 
and ocalanus) referred to Eupatagus (Plagio- 
brissus) by Cooke (1942) all have a less ec- 
centric peristome. Metalia cumminsi Kew (in 


S. Nat. Mus. no. 
S. Nat. Mus. no. 


Text-F1G. 2-4.—Achinolampas woodringi n. sp. X1.5. Holotype, U. S. Nat. Mus. no. 563454; B. 
Brissopsis n. sp. X1.5. Hypotype, U.S. Nat. Mus. no. 563462; C. 
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Dickerson and Kew, 1917, p. 133-134, pl. 
22, fig. 1, pl. 23, fig. 1) which was referred 
to Plagiobrissus by Israelsky (1924, p. 144) 
is referrable to the genus Lajanaster Lam- 
bert and Sanchez Roig, characterized by a 
restriction of the large primary tubercles 
inside the peripetalous fasciole to the areas 
immediately adjacent to the petals. The 
living Plagiobrissus grandis (Gmelin) and 
P. africanus (Verrill) have a more central 
apical system. 
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MIOCENE FORAMINIFERA, MOLLUSKS, AND A BARNACLE 
FROM THE VALLE CENTRAL, COSTA RICA* 
W. P. WOODRING axp ENRIQUE MALAVASSI V. 


U.S. Geological Survey, Washington, D. C., and Departamento de Geologfa, Minas y Petréleo, 
San José, Costa Rica 


ABSTRACT—For many years middle Tertiary fossils have been known to occur in 
the Valle Central of Costa Rica. Siltstone at a locality near Turrdcares, 25 kilome- 
ters west of San José and at an altitude of 640 meters above sea level, recently 
yielded Foraminifera. Mollusks, a barnacle and echinoids were found in sandstone 
conformably overlying the siltstone. The Foraminifera are listed, and the mollusks 
and barnacle are briefly described. These fossils are of Miocene age. The Foraminif- 
era suggest middle Miocene; the mollusks indicate early or middle Miocene. 


INTRODUCTION 


HE purpose of the present paper is to 
ype. and list Miocene marine fossils 
collected at a locality near Turrticares in 
the Valle Central of Costa Rica, formerly 
known as the Meseta Central. Middle Terti- 
ary fossils have been found at scattered 
places in central Costa Rica, but the locality 
near Turrticares, 25 kilometers west of San 
José, yielded the best material so far known. 

The stratigraphy at the fossil locality is 
described by Malavassi, who also contrib- 
uted the list of Foraminifera. Woodring pre- 
pared the review of fossil localities, the de- 
scription of the mollusks and barnacle and 
the discussion of age. The echinoids asso- 
ciated with the molusks and barnacle are 
described by Durham (1961) in an accom- 
panying paper. 

P. J. Bermidez, of the Creole Petroleum 
Corporation, kindly reviewed the identifica- 
tion of the Foraminifera. 


Fossil localities in Valle Central and 
nearby 


The localities where middle Tertiary fos- 
sils have been found in the Valle Central 
and nearby are shown in Text-fig. 1. The 
earliest record was published by Hill (1898, 
p. 226-227). He found fossils at quarries 
in ‘“‘massive blue-black Paleozoic-looking 
limestone” near the villages of San Miguel 
and Desamparados, in the western foothills 


* Publication authorized by the Director, U.S. 
Geological Survey and the Jefe, Departamento 
de Geologfa, Minas Petréleo 


of the Cerros de Candelaria, which form 
part of the boundary between the Valle 
Central Occidental and the Valle Central 
Oriental. Though Hill recognized a_ large 
pectinid of Tertiary aspect, he thought 
polished surfaces of the limestone showed 
fragments of rudists and Jnoceramus, and 
therefore considered the limestone to be of 
Cretaceous age. Romanes (1912, p. 107—108) 
confirmed the occurrence of a large pectinid 
in the limestone and observed a small 
pectinid, a small oyster, and barnacles of 
the genus Balanus. He was unable to con- 
firm Hill's identification of Cretaceous fossils 
and concluded that the limestone is Terti- 
ary. Romanes’ age determination is sup- 
ported by collections in the U. S. National 
Museum. Romanes (1912, p. 118-119) also 
found fossils in conglomerate and tuff at 
Brasil, on Rio Virilla: pectinids and poorly 
preserved gastropods. 

Don Anastasio Alfaro (1911, p. 126-129), 
at that time Director of the Museo Nacional 
in San José, recorded the occurrence of 
marine mollusks at Patarra, Desamparados, 
south of Turrdcares, and on the slope above 
Rio Virilla at Brasil; and fresh-water gastro- 
pods in the tunnel for the hydroelectric 
project at Brasil. Later he again described 
the occurrence of fresh-water gastropods in 
the tunnel (Alfaro, 1913, p. 859). Lohmann 
(1934, p. 14) recorded pectinids and Pyrula 
| Ficus] between Turrtcares and Rio Virilla 
—that is, probably near the locality that 
yielded the fossils described in the present 
paper—and Crosby (1942, p. 487) noted 
pectinids in tuff at Brasil. Without realizing 
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*Desamparados 


San Miguel 


*Patarré 
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20 KILOMETERS 
— 


Santa’ Maria____— 


Text-F1G. 1—Map showing middle Tertiary fossil localities in Valle Central and adjoining parts 
of Costa Rica. Base from 1:400,000 map of Costa Rica issued by Instituto Geografico de Costa 


Rica, 1949. 


it, Haas (1942, p. 310 [nos. 30-33], 315-316) 
contributed to what is known about Alfaro’s 
fresh-water gastropods from the tunnel at 
Brasil. Haas, however, ascribed them to 
marine genera (Woodring, 1957-59, p. 110, 
1957). A small form of Clementia dariena, 
collected by J. F. Tristan at Santa Maria, 
south of the Valle Central, was forwarded 
to the U. S. National Museum by Alfaro 
(Woodring, 1926, p. 36). 

Early collections deposited in the U. S. 
National Museum are summarized in the 
following table. Most of the undetermined 
species in these collections are, in fact, 
indeterminable. 


LOCALITY NEAR TURRUCARES (usGs 20001) 


The locality, where the fossils described 
in the present paper were collected by 
Malavassi in 1957, is 2.9 kilometers south- 
southeast of the railroad crossing at Tur- 


racares, at an altitude of 640 meters above 
sea level on the east slope of a ridge trending 
northeastward parallel to Rio Ciruelas, a 
tributary of Rio Virilla (Text-fig. 1). It 
also is 250 meters southeast of Candelaria 
triangulation station shown on the 1:25,000 
Turrticares topographic map of the Instituto 
Geografico de Costa Rica. Malavassi’s col- 
lection is entered as USGS 20001. Additional 
specimens, collected by Malavassi, A. A. 
Olsson, Rodrigo Saenz, and Woodring in 
1958, are entered as USGS 21235. 

The stratigraphic succession at locality 
20001 is as follows: 


STRATIGRAPHIC SECTION AT USGS Locatity 
20001 Near TURROCARES 
meters 
Andesitic intrusive rock 
Miocene( ?) 
4. Tuffaceous siltstone and sandstone, 
altered by intrusive rock. . . 
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U.S. NATIONAL MusEuM COLLECTIONS OF FOSSILS FROM VALLE 
CENTRAL AND ADJOINING Parts OF Costa RICA 


Locality 


USGS 5466, 7292b, Cerro de los Turracares. An- 
astasio Alfaro, 1910. 


USGS 5506, 7292a, Turracares. Anastasio Alfaro, 
1910. 


USGS 5509, Narajo, 5 km south of Turrfcares. 
\nastasio Alfaro, 1909. 

USGS 5505, Brasil. Anastasio Alfaro, 1910. 
USGS 5467, Tunnel at Brasil. Anastasio Alfaro, 
1910. 

USGS 5502, Tunnel at Brasil, 900 feet from en- 
trance. Anastasio Alfaro, 1910. 

USGS 7282, Brasil. J. F. Tristan, 1910. 


USNM cat. no. 6465, 6469, San Antonio. J. H. 
Lohman, 1867. 


USGS 7293, San Antonio de Desamparados. An- 
astasio Alfaro, 1910. 


USGS 5504, Patarra. Anastasio Alfaro, 1910. 


USGS 18691, Chucheca, Patarré. Anastasio Alfaro, 
1910, 


Aequipecten sp., Crassatella cf. C. deformis Heil- 
prin. 


Turritella ( Torcuia) altilira Conrad, subsp. 


Semicassis? sp., Gemmula? sp., Pecten ( Pecten) sp., 
Aequipecten sp., Trachycardium sp., Chione? sp. 


Pachychilus aff. P. atratus Pilsbry and Hinkley, 
Hemisinus altispirus (Haas). 

Pachychilus? tarataranoides (Haas), Hemisinus al- 
tispirus (Haas), Trachycardium aft. T. dominicense 
(Gabb). 


Pachychilus? tarataranoides (Haas). 


Lyropecten? (Nodipecten?) sp., Aequipecten sp., 
Balanus? sp. 
Lyropecten (Nodipecten) cf. L. nodosus (Linné), 
Balanus? sp. 
Lyropecten (Nodipecten) cf. L. nodosus (Linné), 
Balanus? sp. 


USGS 18697. Tapanti. Received from Museo 
Nacional, 1910? 


USGS 7274-7279, Santa Maria de Dota. J. F. 
Tristan, 1909. 


Miocene 
3. Fossiliferous, somewhat calcareous, 
medium-grained sandstone and coarse 
grained sandstone, including con- 
glomeratic layers. Contains mollusks, 
barnacle and echinoids. 
2. Fine-grained sandstone and forami- 
niferal sandy siltstone 
Unconformity 
Upper Oligocene(?) 
1. Black, calcareous siltstone and silty 
mudstone containing a few Forami- 
nifera.... . 38 


On the west slope of the ridge the andes- 
itic intrusive rock is overlain by diatomite, 
tuff, and volcanic ash. According to a com- 
munication from K. E. Lohman, of the U. S. 
Geological Survey, who identified 25 species 


Crassostrea? sp. 


Aequipecten sp. 


Turritella sp., Natica? sp., Pecten ( Flabellipecten? ) 


sp., Aequipecten sp., Miltha sp., Clementia dariena 
(Conrad), small form. 


of diatoms in two samples, these strata are 
of Pleistocene age. 


FORAMINIFERA FROM Unit 2 at USGS 
Loca.ity 20001 


Identifications by Enrique Malavassi V.; A, 
abundant; C, common; F, few; R, rare] 
Biorbulina bilobata (d’Orbigny ) 
Bolivina marginata var. multicostata Cushman 
Bolivina imporcata Cushman and Renz 
Bulimina ctf. B. tessellata Cushman and Todd 
Bulimina cf. B. uvigerinaformis Cushman and 
Kleinpell 
Frondicularia sp. (fragments) 
Globigerina bulloides d'Orbigny 
Globigerinoides cf. G. ruber (d’Orbigny ) 
Globigerinoides transitorius Blow 
Globigerinoides trilobus (Reuss) 
Globobulimina pacifica Cushman 
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Globoquadrina altispira (Cushman and Jarvis) A 
Orbulina suturalis Bronnimann A 
Nonion costiferum (Cushman) 
Plectofrondicularia sp. (fragments) 
Rectoglandulina sp. 

Robulus sp. 

Saracenaria sp. 

Siphogenerina lamellata Cushman 

Turborotalia mayeri (Cushman and Ellisor) 
Uvigerina peregrina Cushman 


MOLLUSKS AND BARNACLE 


Unit 3 yielded the mollusks and barnacle, 
as well as the echinoids described by Dur- 
ham in an accompanying paper. 

The original shell material is preserved 
only on the calcite-shelled mollusks (pecti- 
nids and ostreid). On some of the aragonite- 
shelled forms, however, the aragonite is 
recrystallized to calcite. 


TURRITELLA (TORCULA) ALTILIRA Conrad, 
subspecies 
Pl. 69, fig. 3 

?Turritella aitilirata {error for altilira) Conrad, 

Gabb, 1881, p. 341, pl. 44, fig. 9; not fig. 9a 

(=T. sapotensis Brown and Pilsbry); Miocene, 

Costa Rica. 

Ten specimens, each consisting of a few 
whorls, represent a subspecies of Turritella 
altilira characterized by heavy, strongly 
noded anterior and posterior primary spirals 
of practically equal width. A weakly noded 
minor spiral lies in front of the anterior 
primary spiral, but other minor spirals are 
obscure. The figured specimen of five whorls 
(height 38.7 mm., diameter 13 mm.) is in 
the best condition. It is, however, somewhat 
crushed, and in the view shown on plate 69, 
figure 3, the diameter is slightly reduced by 
crushing. 

Gabb found his 7. “‘altilirata’’ at Sapote 
on Rio Reventazén, in deposits that are 
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considered of early Miocene age. Though 
the locality he designated Sapote can no 
longer be identified, it evidently was near 
Las Lomas, about 80 kilometers east-north 
east of Turrtcares. Both of his illustrations 
suggest a subspecies of 7. altilira like that 
at locality 20001; indeed, the specimen rep 
resented by his figure 9 may be that form. 
The primary spirals of that specimen are of 
practically equal width. Though they are 
lower—especially the anterior one—than 
those of the specimen illustrated in the 
present paper, they are hardly lower than 
those of several others collected at locality 
20001. Gabb’s other specimen, incorrectly 
shown in his figure 9a, is a different species 
which has been named 7. sapotensis (Brown 
and Pilsbry, 1911, p. 359, pl. 27, fig. 10). 
The sculptural plan, growth-line sinus and 
growth-line angle indicate that T. sapotensis 
is an exceptional species of the group of T. 
altilira that lacks a posterior primary spiral. 
Subspecies of altilira are found 
throughout the Caribbean region in deposits 
ranging in age from late Oligocene to early 
Pliocene. Though many names have been 
proposed for different forms, their geo- 
graphic and age relations have not been 
worked out. On the adequately described 
early forms—such as an unnamed late 
Oligocene subspecies from the Caimito 
formation of the Canal Zone (Woodring, 
1957-59, p. 104, pl. 15, fig. 10, 1957) and 
T. altilira praecellens (Pilsbry and Brown, 
1917, p. 36, footnote, pl. 5, fig. 12), which 
occurs in the late early Miocene Baitoa 
formation of the Dominican Republic and 
also in the early middle Miocene part of 
the Gatun formation of Panama (Woodring, 
1957-59, p. 105, pl. 23, figs. 2,8, 1957) 
the posterior primary spiral is wider than 


EXPLANATION OF PLATE 69 


Specimens from USGS locality 12001 near Turrdcares, Costa Rica. Photographs natural size 
unless otherwise specified. 

2—Cypraecassis cf. C. tenuis (Wood), USNM 563648. 

~Turritella (Torcula) altilira Conrad, subsp., X14, USNM 563647. 


FIGs 


A, 
3- 
4-6 


Architectonica (Architectonica) nobilis nobilis Réding, X14, USNM 563650. 
8—Malea aff. M. elliptica Pilsbry and Johnson, USNM 563649. 
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the anterior and generally is doubled. Such 
forms evidently lead to the nominate sub- 
species, which first appeared in late early 
Miocene deposits in Panama and is abun- 
dant in the late middle Miocene part of the 
Gatun formation. The typical form has 
flange-like primary spirals. The posterior 
one is almost invariably wider than the 
anterior and, with few exceptions, is un- 
equally doubled (Woodring, 1957-59, p. 102, 
pl. 23, figs. 1,7,12,13, 1957). 

T. crocus (Cooke, 1919, p. 121, pl. 4, 
fig. 8) doubtless is a form of 7. alttlira and 
may have practically equal primary spirals. 
It occurs in the Anguilla formation of the 
island of Anguilla, assigned to the early 
part of the early Miocene, and possibly also 
in the late Oligocene Antigua formation of 
the island of Antigua. The type—the only 
available specimen from the Anguilla forma- 
tion—is an internal mold of four whorls. 
Until adequate topotype material is avail- 
able, 7. crocus may be treated as a nomen 
dubium. A three-whorled fragment from 
Antigua, labelled Turritelia cf. T. crocus, 
has some recrystallized shell material. The 
primary spirals are subequal, but are nar- 
rower than those of the specimens from lo- 
cality 20001. 

Late forms of T. aitilira also have sub- 
equal primary spirals: 7. altilira guppyi 
Cossmann (Woodring, 1928, p. 349, pl. 26, 
figs. 7,8, not fig. 9; late middle Miocene, 
Bowden formation, Jamaica) and T. altilira 
chiriquiensis (Olsson, 1922, p. 150, pl. 14, 
figs. 4,8,9,14; late middle and late Miocene, 
southeastern Costa Rica and northwestern 
Panama). These forms, however, have sub- 
dued primary spirals. The late Miocene 
specimen from Water Cay [Cayo de Agua, 
Archipiélago de Bocas del Toro, north- 
western Panama], illustrated by Olsson as 


figure 8 is herewith designated the lectotype 
of T. altilira chiriquiensis. That form is so 
similar to T. altilira guppyi that perhaps 
the name is to be suppressed. 


ARCHITECTONICA (ARCHITECTONICA) 
NOBILIS NOBILIS Réding 
Pl. 69, fig. 4-6 

Architectonica nobilis Réding, 1798, p. 78; Recent, 
locality unknown. 

Solarium granulatum Lamarck, 1822 p. 3; Recent, 
locality unknown. 

Architectonica (Architectonica) nobilis nobilis 
Réding, Woodring, 1957-59, p. 165, pl. 29, 
figs. 1-6,10-12,14-16, 1959; Miocene, Panama; 
additional citations. 

Two specimens are referred to the nomi- 
nate subspecies of A rchitectonica nobilis. The 
larger has a height of about 14.5 mm. and a 
diameter of 35 mm.; the same dimensions 
of the smaller, which is illustrated, are 15.5 
mm. and 29.2 mm., respectively. Though 
these fossils are not well preserved, the 
smaller shows the sculptural pattern of 4. 
nobilis nobilis: a peripheral cord, four closely 
spaced dorsal cords and six closely spaced 
ventral cords, all cut into flat, closely spaced 
nodes by narrow axial grooves, except the 
relatively wide umbilical cord which is 
coarsely corrugated. On the later part of the 
body whorl the nodes are suppressed on the 
peripheral and dorsal cords, and also on the 
fourth and fifth ventral cords beyond the 
umbilical cord. On the body whorl a second- 
ary thread lies between the peripheral 
cord and the first dorsal cord, as on some 
other fossil specimens and many Recent 
specimens (Woodring, 1957-59, p. 166, 
1959). 

A. nobilis nobilis is one of the relatively 
few forms widely recognized as surviving in 
both western Atlantic and eastern Pacific 
waters. .\Jurex recurvirostris recurvirostris is 


EXPLANATION OF PLATE 70 


Specimens from USGS locality 12001 near Turrdcares, Costa Rica. Photographs natural size 
unless otherwise specified. 


Fics. 1,3—Aequipecten aff. A. plurinominis (Pilsbry and Johnson), X13}, USNM 563652. 
2 


5—Pecten ( Flabellipecten) gatunensis gatunensis Toula, large form, USNM 563651. 
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another example (Woodring, 1957-59, p. 
214, 1959). Both forms appeared in early 
Miocene time, when the Tertiary Caribbean 
Province embraced both western Atlantic 
and eastern Pacific waters. The early Mio- 
cene specimens of A. nobilis nobilis generally 
are smaller than those of middle Miocene 
and later age. 


CypraEcassis cf. C. TENUIS (Wood) 
Pl. 69, figs. 1,2 


A mold of a moderately large cassid (al- 
most complete height 74.7 mm., diameter 
46 mm.) is assigned to the genus Cyprae- 
cassis, though the apertural features are 
missing. A little recrystallized shell material 
attached to the mold shows that the sculp- 
ture consists of relatively widely spaced and 
relatively narrow spiral bands. Remnants 
of low tubercles are visible on part of the 
shoulder, but not elsewhere. The sculpture, 
though meagerly preserved, indicates that 
this species, probably a new species, is more 
closely related to the Recent Panamic C. 
tenuis (Wood) than to the Recent Carib- 
bean C. testiculus (Linné), which has closely 
spaced axial threads and weak spiral sculp- 
ture. C. tenuis, however, is sculptured with 
closely spaced spiral bands of varying width. 
Three wide bands below the shoulder, as 
well as the shoulder band, bear tubercles or 
swellings. 

The genus Cypraecassis is very rare in the 
Tertiary deposits of the Caribbean region. 
In fact, the small Miocene specimens of C. 
testiculus collected by Gabb 90 years ago in 
the Dominican Republic (Pilsbry, 1922, p. 
361), are the only other representatives so 
far found. 


MALEA sp. aff. M. ELLIPpTICA Pilsbry and 
Johnson 
Pl. 69, figs. 7,8 


A mold of a moderately large (almost 
complete height 93.5 mm., diameter 70 
mm.), inflated, high-spired .\/alea and a less 
complete mold of comparable size are identi- 
fied as Malea aff. M. elliptica. The constric- 
tion of the body whorl as the missing outer 
lip is approached shows that this tonnid 
is to be referred to Malea, not Tonna. Wide 
spiral bands, separated by grooves about 
half as wide, are impressed on part of the 


WOODRING AND ENRIQUE MALAVASST V. 


body whorl of the more complete mold. 
M. elliptica (Pilsbry, 1922, p. 363, pl. 29, 
fig. 3), found by Gabb at an unrecorded 
Miocene locality in the Dominican Republic 
is high-spired, unlike the other species of the 
Tertiary Caribbean province. It is more 
slender than the Costa Rican form. 

An immature unarmed tonnid, from the 
middle Miocene part of the Gatun forma- 
tion of the Canal Zone, probably is allied 
to M. elliptica (Woodring, 1957-59, p. 209, 
1959). 

Malea is one of the numerous genera that 
formerly lived in the ancestral Caribbean 
Sea and the ancestral eastern Pacific Ocean, 
but now survives in the eastern Pacific 
Panamic province. 


PECTEN (FLABELLIPECTEN) GATUNENSIS 
GATUNENSIS Toula, large form 
Pl. 70, figs. 2,4,5 

Pecten ( Flabellipecten) gatunensis Toula, 1909, p. 
711, pl. 26, fig. 2; Miocene, Canal Zone. 

Pecten sp., Toula, 1909, p. 755, text-figs., 12,13; 
Miocene, Canal! Zone. 

Pecten flabelliformis Defrance, Toula, 1909, p. 
756, text fig. 14; Miocene, Canal Zone. 

Pecten gatunensis Toula, Brown and Pilsbry, 
1911, p. 365; Miocene, Canal Zone; Hodson, 
Hodson, and Harris, 1927, p. 24; Miocene, 
Falc6n, Venezuela. 

Pecten (Pecten) gatunensis Toula, Olsson, 1922, 
p. 197, pl. 16, figs. 3,4; Miocene, Canal Zone, 
northwestern Panama. 

Seven specimens, all incomplete, are re- 
ferred to the large form of Pecten gatunensts 
gatunensis found in the late early Miocene 
Alhajuela sandstone member of the Caimito 
formation of Madden basin, Panama. The 
two largest specimens, which also are in the 
best state of preservation, are illustrated. 
Their dimensions are as follows: incomplete 
length 79 mm., incomplete height 77 mm., 
diameter (both valves) 14 mm. pl. 70, figs. 
2,4); incomplete length 99 mm., incomplete 
height 88 mm., diameter (both valves) 15.5 
mm. (pl. 70, fig. 5). The approximate re 
stored dimensions are 95 mm. by 90 mm. 
and 110 mm. by 105 mm., respectively. The 
right valve is moderately inflated and sculp 
tured with 20 to 22 strong, relatively closely 
spaced, wide, flat ribs; the left valve is al- 
most flat and sculptured with 18 or 19 
widely spaced, narrow, somewhat rounded 
ribs. The auricles are missing or imperfectly, 
preserved and the interior is inaccessible. 
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All the specimens are somewhat worn and 
the delicate, closely spaced concentric lamel- 
lae of perfectly preserved specimens, repre- 
sented on these fossils by faint remnants on 
parts of the shell, are almost indiscernible 
on the photographs. 

Toula’s fossils were found in the late 
middle Miocene part of the Gatun forma- 
tion of the Canal Zone. In the Canal Zone 
and adjoining parts of Panamé, however, 
the lineage of P. gatunensis occurs in de- 
posits of late Oligocene to early Pliocene age. 
The nominate subspecies and the form in 
the early Pliocene Toro limestone member 
of the Chagres sandstone—P. macdonaldt 
(Olsson, 1922, p. 198, pl. 16, figs. 1,2), which 
is to be treated as a subspecies of P. gatunen 
sis—have been named and described. The 
nominate subspecies has ribs cn the right 
valve that continue to the margin with un- 
diminished strength. It is widespread in the 
middle part of the Gatun formation and 
also occurs in the early middle Miocene lower 
part of the formation. The largest specimens 
from the Gatun have a length of 75 to al- 
most 80 mm. The fossils from the locality 
near Turricares closely resemble the large 
form of P. gatunensis gatunensis (maximum 
length 115 mm.) that is found in the Alha 
juela sandstone member of the Caimito for- 
mation. 

Though it has recently been denied that 
Flabellipecten reached American’ waters 
(Mongin, 1959, p. 303-304), P. gatunensis 
seems to be properly referred to Flabellipec- 
ten (Sacco, 1897, p. 55; originally designated 
type, Ostrea flabelliformis Brocchi, Miocene 
and Pliocene, Italy), where it was placed 
50 years ago by Toula. The right valve of 
P. gatunensis is not as inflated as that of 
the type species and the left valve has more 
rounded ribs and no midrib in the interrib 
spaces. Moreover, the middle pair of the 
three pairs of cardinal crura of P. flabelli- 
formtis is represented only by a swelling or 
is absent, at least on the typical small form 
of P. gatunensis gatunensis. The crura of 
both species bear microscopic somewhat 
vermicular sculpture found in Pecten s.s. and 
other groups of pectinids. The inflation of 
the right valve of the European species of 
Flabellipecten, of Miocene and Pliocene age, 
is variable; a midrib is present or absent in 
the interrib spaces on the right valve; and 


FORA MINIFERA 


FROM COSTA RICA 495 
the midrib of the left valve is of varying 
strength (Roger, 1943, p. 185-187). 

A middle Miocene pectinid of medium 
size from western Florida has been identified 
as P. macdonaldi (Mansfield, 1°52, p. 57, pl. 
14, figs. 5,6). The identification is doubtful 
on the basis of the inadequate material now 
available. The ribs on the left valve of the 
Florida pectinid are wider than those of the 
much larger P. gatunensis macdonaldt. 


LYROPECTEN? ( NODIPECTEN ?) 


sp. cf. L. noposus (Linné) 


An incomplete mold of paired valves (in- 
complete length 78 mm., incomplete height 
81 mm.) suggests a species of Nodipecten of 
moderately large size. The narrow ribs (9 
visible on one valve and 11 on the other)- 
replicas of what is seen on the interior of 
shells—are irregularly undulated in a verti- 
cal plane. The undulations presumably were 
formed by exterior swellings and constric- 
tions, like those of Nodipecten. 

This pectinid is without much doubt the 
same as that, represented by more convinc- 
ing molds, found in limestone at Desampa- 
rados and Patarr4 (table on p. 491). 


AEQUIPECTEN sp. aff. A. PLURINOMINIS 
(Pilsbry and Johnson) 
Pl. 70, figs. 1,3 


Fourteen specimens, all more or less in- 
complete, are identified as Aequipecten aff. 
A. plurinominis. Those on which the total 
number of ribs is determinable have 18 to 20 
ribs. In the umbonal region secondary sculp- 
ture is lost through wear. Farther from the 


umbo the ribs bear scabrous concentric 
lamellae. Still farther, in the ventral part of 
mature shells, the lamellae break up into 
minute scales arranged along very narrow 
radial threads on the ribs and in the spaces 
between them. Both valves illustrated are 
right valves (larger: incomplete length 36 
mm., incomplete height 40.5 mm., diameter 
about 10 mm.; smaller: practically complete 
length and height 30.5 mm., diameter about 
9mm.). 

The strongly inflated valves of this pec- 
tinid indicate that it is more closely related 
to a form of A. plurinominis (Piisbry and 
Johnson) (Pilsbry, 1922, p. 411, pl. 45, figs. 
1,2) found in the middle Miocene Gatun 
formation of the Canal Zone than to A. 
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canalis (Brown and Pilsbry) (1913, p. 511, 
pl. 24, fig. 3), which occurs in the lower 
Miocene Emperador limestone member of 
the Culebra formation in the Canal Zone. 


INDETERMINABLE MOLLUSKS 


Indeterminable species of Crassostrea?, 
Trachycardium, Trigonocardia?, Cyclinella?, 
and Ventricolaria? are represented by frag- 
ments, molds, or coarsely recrystallized shell 
material. 


BALANUS sp. 


Some fifty worn specimens of a moder- 
ately large species of Balanus (height of 
largest specimen 47 mm., diameter 20 mm.) 
were collected at locality 20001. The opercu- 
lar valves of this barnacle are unknown. 


AGE OF FOSSILIFEROUS STRATA 


The Foraminifera recovered at locality 
20001 are of Miocene age and suggest middle 
Miocene. Most of the mollusks in the over- 
lying sandstone are undiagnostic for an age 
other than Miocene. The large form of 
Pecten gatunensis gatunensis suggests early 
Miocene, whereas Aequipecten aff. A. pluri- 
nominis suggests middle Miocene. If the 
pectinid identified as Lyropecten? (Nodt- 
pecten?) cf. L. nodosus is indeed closely allied 
to the Recent L. nodosus, it also suggests 
middle Miocene, as it is larger than the 
known early Miocene species of Nodipecten. 
Crassatella cf. C. deformis, found by Alfaro 
near Turriicares, on the contrary, has early 
Miocene affinities. There is little basis for 
comparison with coastal southeastern Costa 
Rica, where deposits of both early and mid- 
dle Miocene age crop out (Olsson, 1922), or 
with Gabb’s (1881) early Miocene Sapote 
fossils. Though the early collections from the 
Valle Central and nearby were formerly 
thought to be of early Miocene age (Wood- 
ring, 1928, p. 88), early or middle Miocene is 
the best that can be done with the mollusks 
from the locality near Turrticares. 

The localities in the Valle Central that 
have yielded marine fossils are paleogeo- 
graphically important. They show that 
during at least part of Miocene time this 
segment of the Panam4é land bridge was 
covered by the open sea. How far north and 
how far south the sea extended is not known 
at present. It may have extended uninter- 
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ruptedly from southern Nicaragua to north- 
western Colombia, or within that span it 
may have been broken into several parts by 
islands. 
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SOME COSTA RICAN LARGER FORAMINIFERAL LOCALITIES 
ENRIQUE MALAVASSI V. 


Costa Rican Geological Survey 


ABSTRACT—Nineteen species of larger Foraminifera, of which two species are from 
the Upper Cretaceous, one from the middle Eocene, 11 from the upper Eocene and 
4 from the upper Oligocene, are recorded from 10 Costa Rican localities. These 
faunas are correlated with other well known Caribbean localities. 


INTRODUCTION 


LTHOUGH larger Foraminifera occur abun- 
A dantly at various Upper Cretaceous, 
Eocene and Oligocene localities in Costa 
Rica, the faunas of only a few localities have 
been recorded in various publications. This 
note summarizes this information and re- 
cords the faunas from several other locali- 
ties (text-fig. 1). 

The first species of Lepidocyclina de- 
scribed from Costa Rica was named L. hilli 
by Cushman (1920, p. 60). This specimen 
was collected by R. T. Hill from the Gual- 
lava limestone. Vaughan (1931, p. 41) 
subsequently ground one side of this speci- 


men to the equatorial plane, thereby discov- 
ering it was a microspheric individual. It is 
impossible with the information known to 
classify this specimen. 
Lohman and Brinckman 
reported 8 species from the upper Eocene 
Las Animas limestone in the vicinity of 


(1931, p. 554) 


Turrialba (loc. 7). Later, Cole (19530, p. 
749) recorded 9 species and one variety from 
3 upper Eocene localities in this same area. 

Drooger (1952, p. 26) described Miogyp- 
sina tani as a new species from material 
collected by Pedro J. Bermudez from an 
Oligocene outcrop below the bridge on the 
Reventazon river on the road between the 
villages of Chitaria and Peralta (loc. 8). Cole 
(1957, p. 320) proved that this species is a 
synonym of \/iogypsina (Miogypsina) antil 
lea (Cushman). 

Specimens identified by Davis (in Harri 
1953, p. 107) as Pseudorbitoides cf. 
P. tsraelskyi Vaughan and Cole occur in 
samples from Santa Elena Bay and Murci- 
elago (loc. 1) in rocks of Upper Cretaceous 
age. In addition he reported the presence of 
upper Eocene larger Foraminifera from Las 
Ruedas, but gave only generic determina- 


son, 


tions. However, at another locality near 
Pozo de Los Patos he referred specimens to 
Operculina cf. O. panamensis (Cushman). If 
this identification was correct, an Oligocene 
age for this locality would be indicated. 

Cole (in Weyl, 1957, p. 135) identified 
from samples collected near the Damas river 
(loc. 2) Camerina macgillavryi M. G. Rutten. 
At that time Cole considered that this spe- 
cies was an upper Eocene marker. From 
another sample collected near Jicotea Cole 
identified 3 undoubted upper Eocene species 
of larger Foraminifera. 

This study was undertaken as part of a 
program made possible by a_ scholarship 
from the Institute of International Educa 
tion and the Costa Rican government. Dr. 
W. Storrs Cole of Cornell University di- 
rected the study. I express my appreciation 
and thanks to him for his time and efforts. 


LOCALITIES 
Upper Cretaceous 


Near the village of Murcielago; red, mas- 
sive coraline limestone. 

El Viejo farm in the Tempisque valley; 
in addition to larger Foraminifera Nerinea 
epelys and rudists occur (W. P. Wood- 
ring, personal communication ). 


Middle Eocene 


Damas Cavern near the Damas 7 kms 
northwest of the Damas farm of the Cia. 
Bananera; massive, cream-colored 
limestone. 


Upper Eocene 

Junquillal Bay; gray limestone with 
abundant calcareous algae. 

Punta Serrucho near the mouth of the 
Naranjo River 10 kms. southwest of 
Puerto Quepos; mottled, cream-colored 
limestone. 

El Cajon gorge of the Terraba River 
about 15 kms. from the village of Palmar; 
massive, dense, poorly bedded, cream to 
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gray limestone with some calcareous al- 
gae. 

. Outcrops on each side of the Parrita 
River at San Marcos de Tarrazu on the 
Carmen Mora farm; gray limestone con- 
taining masses of calcareous algae and 
abundant large microspheric specimens 
of Lepidocyclina (Eulepidina) chaperi 
Lem. and R. Douvillé. 

Las Animas village 3 kms. northeast of 
Turrialba; cream-colored limestone with 
calcareous algae. 

Below the bridge across the Reventazon 
River between the villages of Chitaria 
and Peralta; fossiliferous conglomerate. 

Punta Pelada 3 kms. northeast of 
Guiones Point on the Pacific Coast, gray 
to white sandy limestone. 


FAUNAS AND CORRELATION 


The distribution of the species at the 
various localities is shown in Table 1. 

Brénnimann (1957, p. 590) has stated that 
Pseudorbitoides israelskyi ‘‘appears to be 
diagnostic of beds of Taylor age (Upper 
Santonian and Campanian) in Texas and 
Mississippi, probably also at its type locality 
in Louisiana.’’ Therefore, the localities (loc. 
1 and 1A) may be correlated with the Taylor 
of the Gulf Coast of the United States. 

Camerina macgillavryi M. G. Rutten 
(1935, p. 530), the only species found in the 
single middle Eocene sample (loc. 2) with 


499 

| | | 

: | | | 

| 3 @ 5 | | 

g 

x } 8 | 

@ 

‘ | N | 

} } | Song, 4 AN 9 

| | Q 4 

| | 4 ©. 

| 

| : 

- 

4 

= 

8 
9 


ENRIQUE MALAVASSI V. 


TABLE | 


Pseudorbitoides israelskyi Vaughan and Cole 
Sulcoperculina dickersoni (O. K. Palmer) 
Camerina macgillavryt M. G. Rutten 
steroc ve lina asterisca sUPPS ) 
marianensis (Cushman ) 
minima (Cushman ) 
*Camerina floridensis (Heilprin) 
striatoreticulata (L. Rutten 
Fabiania cassis (Oppenheim ) 
Heterostegina ocalana Cushman 


Lepidocyclina ( Pliolepidina) macdonaldi Cushman 
pustulosa H. Douville 


DISTRIBUTION OF THI 


SPECIES 


Upper Cretaceous 
Eocene 


Upper Eocene 


Middle 


~ 


*( Eulepidina) chaperi Lem. and R. Douvillé 
Pseudophragmina (Proporocyclina) flintensis (Cushman ) 


*Camerina dia (Cole and Ponton) 

Heterostegina antillea Cushman 

Lepidocyclina ( Eulepidina) undosa Cushman 
vaughani Cushman 

Miogypsina ( Miogypsina) antillea (Cushman ) 


* See: Cole (1960a and 1960b) for generic and subgeneric classification 
r=rare; c=common; a =abundant. 


the exception of a few fragments of a small 
lsterocyclina sp., was described from Cuba 
from strata assigned to the upper Eocene. 
Later, Butterlin (1959, pl. 14, fig. 54) illus 
trated specimens which are without doubt 
C. macgillavryi from the middle Eocene of 
Haiti. Cole (1958), p. 265) considered that 
this species seemingly is a diagnostic one for 
the middle Eocene. 

All of the upper Eocene localities (locs. 
3-7) are correlated with the Gatuncillo 
formation of Panama and the San Fernando 
formation of Trinidad, a correlation which 
Cole (1957, p. 749) had made previously. 

The Oligocene localities (locs. 8,9) are 
correlated with the upper Oligocene part ef 
the Caimito formation and the Bohio forma 
tion of the Panama Canal Zone and vicinity. 
Inasmuch as Muiogypsina (AMtogypsina) 
occurs at both localities, they are assigned to 
the Miogypsina (Miogypsina) subzone of 
the Eulepidina zone of the Caribbean area 
(Cole, 1958a, p. 220). 

Miogypsina (Miogypsina) tani Drooger 

= antilla Cushman) occurs at its 


type locality in Costa Rica in association 
with Lepidocyclina (Eulepidina) undosa 
Cushman and Camerina dia (Cole 
Ponton). In Panama (Cole, 1957, p. 314) as 
well as in Costa Rica J/. (.\/.) antillea occurs 
with Lepidocyclina (Eulepidina) vaughani 
Cushman. In Panama (Cole, 1953a, p. 6) 
and in Antigua (Vaughan, 1933, p. 33) L. 
vaughani occurs with L. undosa. 
Therefore, 17. (.\/.) antillea is a species of the 
Eulepidina zone of the American Oligocene. 
Akers and Drooger (1957, p. 658) placed 
M. (M.) tani (= M. antillea) strati 
graphically above the zone of L. (£.) undosa 
in the western and central Guif Coast of the 
United States. The data presented here 
suggest that either M. (1/.) antillea has a 
more extensive stratigraphic range than 
suggested by Akers and Drooger, or the 
assumption made by them is incorrect. 


and 
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MUSCLE ATTACHMENT IMPRESSIONS IN A 
CRETACEOUS AMMONITE! 
DAVID L. JONES 
U. S. Geological Survey, Menlo Park, California 


AsstrAcT—Muscle attachment impressions in an Upper Cretaceous ammonite, 
Diplomoceras notabile, Whiteaves consist of a pair of bean-shaped retractor muscle 
impressions on the dorsal (antisiphonal) side, and a single, nearly round, impression 
on the venter, the origin and function of which is not known. 

The muscular attachment system in D. notabile appears to differ from the typical 
nautiloid attachment system in lacking a continuous annular elevation and in hav- 
ing a single ventral attachment impression. 


INTRODUCTION and Sweet (1959, p. 293-304) have summa- 


rized the literature dealing with nautiloic 
USCLE attachment impressions are 
. P muscle attachment impressions, and both 


extremely rare in ammonites and few Hl i : hicl 

. iave illustrated several specimens whic 
reliable illustrations of such features are 
clearly show the nature of the attachments 


available. However, during the process of 
describing a large Upper Cretaceous am- both recent Nautilus and fossil nautiloids. 
monite fauna from the Matanuska forma It is, therefore, of considerable interest to 
tion, south central Alaska, several specimens ‘O™P&Fre W ell preserved muscle attachment 
of Diplomoceras notabile \Whiteaves were 
found in which the muscle attachment 
impressions are extremely well preserved. 
Because of their rarity, little attention has 
been paid to ammonite muscle attachments; 
the most comprehensive treatment is that 
by Crick (1898) who described the attach- 
ment impressions in a number of Mesozoic 
ammonites. Many of Crick’s illustrations are 
rather vague and their validity has never been 2 : 
completely accepted. Spath (1919, p. 178) Were collected Mazuma ( reek at Lati 
states that ‘Mr. Crick thought that the tude 62 45 30 » Longitude 147°50'00” W. 
traces of muscular attachment of the Am- (U. S. Geol. ies Loc. M562, collectors, 


. . . +r . D. L. Jones and A. Grantz, 1959). The 
monoid animal to its shell afforded impor- Jo , 


h specimen was obtained nearby 
tion; but both on account of the compara- 


50/07” W. (U.S. Geol. Survey Mesozoic 
tive scarcity and the indefinite nature of 147° W. ( lesozoic 

Loc. 24860, collectors A. Grantz and L. Fay, 
these impressions they have not proved of 


value yet in the classification of Ammo- 1953). 
nites.’’ Similar expressions of doubt are also 
found in the recent Ammonoidea volume of 
the Treatise on Invertebrate Paleontology 
(Arkell, 1957, p. L81). Three muscle attachment impressions are 
The situation is somewhat better with observed on the internal mold; two paired 
respect to muscle attachment impression in impressions are present on the dorsal (anti- 
nautiloids, where, according to Sweet (1959, | siphonal) side, and a single, nearly round 
p. 295) 31 genera have been found to exhibit | impression is present on the ventral (sipho- 
such impressions. Mutvei (1957, p. 219-254) nal) side. The dorsal impressions consist of 
two bean-shaped depressions which measure 

! Publication authorised by the Director, U.S. about 14 mm. in a transverse direction and 
Geological Survey. about 9 mm. in a longitudinal direction, 


impressions of an ammonite with those of 
nautiloids. The ammonite material de- 
scribed herein consists of specimens of the 
late Campanian or early Maestrichtian 
ammonite Diplomoceras notabile Whiteaves 


(1903, p. 335) obtained from the Matanuska 
formation, Talkeetna Mountains, south 
central Alaska. Four specimens were found 
in which the muscle attachment impressions 
could be observed. Three of these specimens 


MUSCLE ATTACHMENT IMPRESSIONS 
IN DIPLOMOCERAS NOTABILE 
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MUSCLE ATTACHMENT IMPRESSIONS IN AMMONITES 


They are located about 10 mm. below 
(adorally) the last septum of the septate 
portion of the shell. The outer margin of 
each bean-shaped impression consists of a 
narrow, incised line, bounded within by a 
slight elevation. The attachment surface is 
covered by faint, longitudinal striations 
which are more prominent on the anterior 
(adoral) side than on the posterior (adapi- 
cal) side. A shallow furrow or constriction 
lies between the muscle attachment impres- 
sions and the last septum. This constriction 
becomes much deeper on the ventral side. 

Other faint striations are present on the 
dorsal surface between the bean-shaped 
attachment impressions and the last septum. 
Presumably, attachment 
impressions of other muscles. 

The ventral muscle attachment impres- 
sion is located below (adorally) the dorsal 
impressions, but on the same oblique rib or 
ribs. This impression is nearly circular and 
measures about 6 mm. in a transverse direc- 
tion and about 5 mm. in a longitudinal 
direction. It is situated about 20 mm, below 
the last septum of the septate portion, from 


these represent 


which it is separated by a deep constriction. 
This attachment has only been observed on 
two specimens; the other two specimens 
being too deeply weathered on the ventral 
surface to permit its observation. 

Other the ventral 
surface consist of faint striations which con- 
verge on a point formed by the intersection 
of a medioventral line and the last septum. 
This marks the approximate position of the 
intersection of the septum and the siphuncle. 


features present on 


COMPARISON WITH NAUTILOID MUSCLE 
ATTACHMENT IMPRESSIONS 


Mutvei (1957) (1959) have 
shown in considerable detail the nature of 
the muscular attachment impressions in 
nautiloids so only a brief summary of their 
observations is necessary here. 

Nautiloids three main muscle 
attachment areas, all of which are in the 
posterior (adapical) part of the body cham- 
ber (Mutvei's term ‘“‘domiciliary cavity” 
seems to have little advantage over the 
simpler term). This region in which all three 
attachments occur is slightly elevated, and 
is called the ‘‘annulus” or ‘‘annular eleva- 
tion” (Mutvei, 1957). Longitudinal mantle 


and Sweet 


pe sess 
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muscles are attached in a single, narrow 
band along the adoral margin of this eleva- 
tion; the powerful retractor muscles, or 
“shell’’ muscles are attached in two broad, 
paired areas just posterior to the mantle 
attachment. Other body, or subepithelial, 
muscles are attached in a narrow band at the 
posterior end of the chamber near its junc- 
tion with the last septum. Thus, the nauti- 
loid system of muscular attachments con- 
sists of two continuous bands for attachment 
of the body and mantle muscles and two 
discrete spots, or paired areas, for the 
attachment of the retractor muscles. As 
Mutvei and Sweet (1959, p. 310) have 
pointed out, the retractor muscle impres- 
sions may be located either ventrally (ven- 
tromyarian), dorsally (dorsomyarian), or 
laterally (pleuromyarian). 

The two large, dorsal, paired muscle 
impressions in Diplomoceras notabile prob- 
ably served as attachments for the retractor 
muscles similar to those in nautiloids. The 
function of the third muscle attached to the 
venter is not known, and a corresponding 
analog does not seem to be present in nauti- 
loids. Also, a raised the 
annular elevation of was not 
observed in D. notabile although it would 
seem that some comparable structure should 
be present for the attachment of the mantle 
and subepithelial muscles. 


area similar to 
nautiloids 


CONCLUSIONS 


It would perhaps be unwise to speculate 
too deeply on the significance of the muscu- 
lar attachment impressions of D. notabile, 


particularly as this species is heteromorphic 
and may have had a quite different mode of 
living than normally coiled ammonites. No 
positive conclusions can yet be drawn and 


full evaluation of Ammonoid attachment 
musculature must await the description of 
these features in many more species. 

In summary, D. notabile differs from 
typical nautiloids in having three points of 
muscle attachment, rather than a pair and 
two bands. The statement that ‘‘ammonoids 
seem invariably to be dorsomyarian, regard- 
less of the adaptational plasticity 
(Sweet, 1959, p. 302) cannot be fully ac- 
cepted until the significance of the ventral 
muscle attachment is determined. 

Another point worth commenting upon is 


: 
‘ 
i 
53 
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that some of Crick's (1898) illustrated 
muscle scars are based on reliable observa- 
tions. The specimens figured by Crick on 
plate 17, figures 6-13, and plate 19, figures 
11-14, have dorsal muscle attachment 
impressions nearly identical to those of D. 
notabile. 
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MANUSCRIPT RECEIVED APRIL 10, 1960 


EXPLANATION OF PLATE 71 
Fics. 1-4—Diplomoceras notabile Whiteaves, USNM 130867, from U.S.G.S. Mes. loc. M562. /,2, 
dorsal views showing bean-shaped, paired, retractor muscle attachment impressions, X1; 
3, ventral view showing single, rounded muscle attachment impression, X1; 4, complete 
specimen, side view; arrows show position of dorsal and ventral muscle attachment im- 
pressions and position of last septum (S). X #. 
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ACTINOCAMAX FROM THE UPPER CRETACEOUS BENTON 
AND NIOBRARA FORMATIONS OF KANSAS! 
J. A. JELETZKY 


Geological Survey of Canada, Ottawa, Ontario, Canada 


(Abstract will be found on next page) 


INTRODUCTION AND ACKNOWLEDGEMENTS tella praecursor Stolley, a representative of 


mize (1957) has recently described * hich species was described and figured 
M and figured some belemnites from the (Jeletzky, 1955) from the western interior of 
Niobrara formation of Kansas. These he has the shortly bef 
somewhat tentatively identified as Belemni- OF paper. Je etzky (1999) 
inferred from the somewhat incomplete label 

. . I 
‘ Published by Permission of the Director, @0d the lithology of the rock filling out the 
Geological Survey of Canada, Ottawa, Canada. alveolar cavity of the guard that this speci- 


EXPLANATION OF PLATE 72 
(All figures natural size unless otherwise indicated ) 


Actinocamax manitobensis (Whiteaves, 1889) var. kansanus n. var. Holotype. Benton group 
below Fort Hays limestone of the Niobrara and presumably from the Fairport chalky shale 
of the Carlile shale. Upper Turonian (lower part?). 

Dutch Hallow in Rush Co., Kansas; near the Ellis Co. line; presented to the Fort Hays 
College by A. N. Schuttle, Ellis, Kansas. Fort Hays College Cat. No. 7143. ; 

1A. Central view; 1B, dorsal view; IC, left lateral view; 1D, right lateral view; /E, 
view of the alveolar end from above; ventral side is below. 

Actinocamax manitobensis (Whiteaves, 1889) f. typ. This specimen is transitional to A. mani- 
tobensis var. lawrencti Jeletzky, 1950 in the structure of its pseudoalveolus. 

According to the museum label it was “‘picked up by George F. Sternberg in Gove or 
Logan Co., in the Niobrara Cretaceous chalk, exact locality unknown.”’ Presumed to have 
come from rocks of the Upper Turonian (lower part?) stage. Fort Hays College, Cat. No. 
7936-2. 

2A, ventral view; 2A, right lateral view; 2C, view of the alveolar end from above. Note 
the depressed character of pseudoalveolus and the almost complete absence of the edge 
within it. 

Actinocamax walkeri n. sp. Holotype. Niobrara Cretaceous chalk, Gove or Logan Co., Kansas. 
Picked up by George F. Sternberg. Exact locality and year not known. The age can range 
from the uppermost Turonian to the Lower Campanian but is more likely to be Coniacian. 
Fort Hays College, Cat. No. 7936-3. 

3A. ventral view; 3B, dorsal view; 3C, left lateral view; 3D, view of the alveolar end from 
above. 

Actinocamax walkeri n. sp. Same horizon and locality as for the specimen No. 7936-3. Fort 
Hays College, Cat. No. 7936-5. 

4A, ventral view; 48, left lateral view; 4C, view of the alveolar end from above; note the 
strong lateral compression of the alveolar end, which was obviously caused by the pressure 
of sediment after the guard was buried. 

Actinocamax sternbergi n. sp. Holotype. Niobrara Cretaceous chalk, Gove or Logan Co., 
Kansas. Exact locality not known. Picked up by George F. Sternberg, exact year not known. 
Cat. No. 7936-1. The age can range from the uppermost Turonian to the Lower Campanian 
but is more likely Coniacian or lowermost Santonian. 

5A, ventral view; 5B, dorsal view; 5C, right lateral view; 5D, left lateral view; 5E, view 

of the alveolar end from above; 5F, view of the middle part of the dorsal side of the guard 
<3 to show the details of its granulation and of the double dorsolateral furrows (see right 

side of the picture). 
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Asstract—The following forms of Actinocamax are described and figured from 


the Upper Cretaceous Benton and Niobrara formations of Kansas: 


A. manitobensis 


(Whiteaves) f. typ., A. manitobensis var. kansanus n. var. A. cf. manitobensis var. 


spicularis n. var., A. 
A. laevigatus Arkhangelsky, 
Whiteaves). 


sternbergi n. sp., A. 
Actinocamax sp. indet. A. 
The belemnite material studied includes all ac belemnites re- 
cently described by Miller (1957) as Belemnitella praecursor Stolley. 


Walkeri n. sp., sp. aff. 
(? aff. manitobensis 


These belem- 


nites are revised and placed in the genus Actinocamax s. str. 
The described Actinocamax forms from Kansas range from the late Turonian to 
the late Santonian or early Campanian age. The Coniacian to (?) early Campanian 


Actinocamax forms are closely allied to the West Greenland .- 
recently described by Birkelund (1956). 
identical with the A. manitobensis fauna from Manitoba. 
described Canadian Actinocamax sp. aff. 


Actinocamax faunas 


The late Turonian Actinocamax fauna is 


The previously informally 


A. strehlensis Fritsch and Schloenbach is 


revised in connection with the description of the Kansas Actinocamax; it is assigned 
to the species A. manitobensis as its new variety (var. spicularis n. var.). 

The alveolar and apical ends of several Actinocamax forms from Kansas are de- 
formed so as to indicate that they were sufficiently soft and pliable to be squashed 
or bent by the pressure of sediment after the burial of the guards. 


men of Belemnitella praecursor was collected 
in the yellow chalk member of the upper 
Niobrara formation of Kansas. 

Miller (1957, p. 908,911) has stressed that 
his belemnite specimens differed from 
Belemnitella praecursor Stolley var. media 
Jeletzky in the complete absence of the 
alveolar cavity; he has, however, ascribed 
this distinction to the subsequent loss of the 
alveolar part of the guard by all of his speci- 
mens. 
mens (Miller, 1957, p. 909, text-figs. 1A-1D) 
showed, however, this interpretation to be in 
conflict with the characteristic weathering 
shapes of their alveolar ends. This weather- 
ing was rather suggestive of these specimens 
belonging to the genus Actinocamax Miller 
1826 s. str. as defined by Jeletzky (1950, p. 
3). To verify this interpretation the writer 
has loaned all of the belemnites studied by 
Miller (1957) from Mr. George F. Sternberg, 
Curator of the Fort Hays Kansas State 
College. The results of their study are pre- 
sented below. 

The writer is grateful to Mr. George F. 
Sternberg, Curator of the Fort Hays State 
College, Hays, Kansas for lending him the 
above mentioned belemnite material, pro- 
viding him with valuable information about 
their localities and stratigraphic positions 
within the Upper Cretaceous sequence of 
Kansas, and granting permission to publish 
descriptions and photographs of them. Mr. 
Myrl V. Walker of the same College and Dr. 
Halsey W. Miller, Jr. of the Geology De- 
partment of University of Arizona, Tucson 
have kindly provided the writer with valu- 


The published figures of these speci- 


able additional stratigraphical information 
about some of the described belemnites. 


PALAEONTOLOGICAL DESCRIPTIONS 


The collection studied consists of nine 
belemnite specimens, most of which are well 
preserved and more or less complete. Eight 
of these specimens display characteristic 
appearance of the alveolar ends diagnostic of 
the genus Actinocamax Miller s. str. (Je- 
letzky, 1950, p. 3) and so belong to this 
genus rather than to the genus Belemnitella 
d’Orbigny emend. Jeletzky, 1941. The ninth 
specimen is a fragment lacking alveolar and 
apical ends. The characteristic outline and 
cross-section of this fragment permit, never- 
theless, its tentative identification as Acti- 
nocamax cf. manitobensis var. spicularis nov. 
var. 


Genus ACTINOCAMAX Miller 1826 s. str. 
ACTINOCAMAX MANITOBENSIS 
(Whiteaves, 1889) s. J. 

Material studied: Three of the here de- 
scribed guards are referable to the Canadian 
Actinocamax species— A. manitobensis (Whit- 
saves, 1889) s. lato; one of them is referable 
to the typical variety of this polytypic 
species in the sense of Jeletzky (1950). 
new variety of the species is proposed here- 
with to accomodate another Kansas speci- 
men and its study threw a new light upon 
the range of morphological variation of A. 
manitobensis. The morphology of A. manito- 
bensis var. kansanus n. var. is, indeed, 
transitional between that of A. manitobensis 
var. trehernensts Jel. and that of the hitherto 
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ACTINOCAMAX 


insufficiently understood .1ctinocamax 
aff. A. strehlensis Fritsch and Schloenbach. 
This, and the occurrence in the Kansas collec- 
tion of a fragment apparently referable to 
A. sp. aff. A. strehlensis, has necessitated the 
revision of the last mentioned form and its 
inclusion in Actinocamax manitobensis as its 
morphologically extreme variety A. manito- 
bensis var. spicularis n. var. 

The recurrence of 1. manttobensis and its 
varieties in Kansas is of a 
palaeogeographical and biochronological in- 
terest, particularly in view of the great 
paucity of the Upper Cretaceous rocks of 
Kansas in reliable index fossils. 

Diagnosis: The previously given diagnosis 
of A. manitobensis s. 1. (Jeletzky, 1950, p. 4) 
must be amended order to 
accomodate .1. manitobensis var. kansanus 
n. var. and .1. manttobensis var. spicularis n. 
var.: Guard large, long, either subcylindrical 
to fairly lanceolate in ventral and lateral 
aspects or tapering gradually and evenly all 
the way apicad from its alveolar end in 
lateral aspect; stout to very 
slender; ventral surface more or less flattened 
except in the laterally compressed alveolar 


sp. 


considerable 


as follows in 


reasonably 


region; a feeble to pronounced ventral fur- 


row occurs immediately below the alveolar 
rim; alveolar end is ovate in cross-section; 
the shape of alveolar end varies from a 
shallow pseudoalveolus 4-7 mm. deep to a 
low, protruding, regularly 
rounded cone with the embryonic bulb at its 
top; when well preserved, the surface of the 
guard bears weak to pronounced longitudi- 
nal striae. 


more or less 


ACTINOCAMAX MANITOBENSIS 
(Whiteaves) 1889 f. typ. 
Pl. 72, figs. 2A—2C; 


Belemnitella manitobensis \Whiteaves, 


189 (no figure) 

Actinocamax manitobensis Jeletzky, 1950, p. 4 
10, text-fig. 1, pl. I, figs. 1-5; pl. HI, fig. 4. 
Belemnitella praecursor Miller, Jr., 1957, Text- 

figs. Al, 1D. 

Material Studied. One of the Kansas 
guards studied belongs to typical form of A. 
manitobensis ; it is reproduced on pl. 72, figs. 
2a-2c. 

Description. The only Kansas guard 
known is large (87.5 mm. long) and slender, 
with the elongation ratio of about 7.9 times; 


1889, p. 
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it is fairly lanceolate in ventral aspect and 
only slightly lanceolate, almost subcylindri- 
cal, in lateral aspect; the maximum lateral 
diameter of 11.2 mm. is situated somewhat 
below the middle of the guard and about 35 
mm. above its apical end; the maximum 
dorso-ventral diameter of 11.1 mm. is situ- 
ated only about 22 mm. below the alveolar 
end of the guard; the mid-section of the 
ventral surface of this latter is, however, 
strongly corroded throughout and _ this 
diameter could, therefore, have originally 
been situated further apicad at about the 
middle of the guard. 

In ventral aspect the guard tapers evenly 
orad from the level of the maximum diame- 
ter to a point 5 mm. below the alveolar end 
where a slight contraction of its profile 
occurs; therefrom it expands slightly and 
evenly to the outer rim of the depressed 
pseudoalveolus where the lateral diameter of 
the guard is 9.3 mm. 

Apicad the guard tapers equally gradually 
and evenly in ventral aspect from the level 
of the maximum diameter to the level some 
12 mm. above the apical end; further down 
the tapering increases progressively to a 
point some 2 mm. above the apical end of 
the guard resulting in the convex and some- 
what obtuse appearance of the guard's 
flanks in this interval; the basal 2 mm. of 
the guard are shaped in the form of an ill- 
defined spine superimposed on a somewhat 
rounded but nevertheless narrow base; the 
spine is broken off some 2-3 mm. above its 
tip, judging by the fact that the fracture is 
about 3 mm. in diameter. 

The almost subcylindrical lateral outline 
of the guard persists from the alveolar end to 
the level some 17-18 mm. above the apex; 
further apicad the guard tapers gradually 
and almost evenly to the apical end; the 
average dorso-ventral apical angle is 28—29°; 
only a suggestion of the rounded apex and 
spine, such as are visible in ventral aspect, 
can be observed in the lateral aspect. 

The lateral profile of the guard is some- 
what asymmetrical near the alveolar end; 
the ventral side tapers somewhat towards 
the outer edge of pseudoalveolus within the 
upper 8 mm., and the dorsal side continues 
to extend more or less in the same direction 
as before within this interval. 

The guard is distinctly compressed later- 
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ally at the alveolar edge. There its dorso- 
ventral diameter is 10.3 mm. as compared to 
the lateral diameter of only 9.3 mm.; the 
lateral compression persists throughout the 
upper third of the guard, becoming weaker 
and weaker apicad until the diameters be- 
come about equal some 32 mm. below the 
alveolar end. Dorso-ventral compression 
prevails further apicad with the dorso-ven- 
tral diameter being only 10.5 mm. at the 
level of the maximum lateral diameter about 
35 mm. above the apex. The ventral side of 
the guard is noticeably flattened already at 
the alveolar edge (pl. 72, fig. 2C); this flat- 
tening increases gradually apicad until it 
reaches the maximum value at about the 
level of the maximum lateral diameter where 
the ventral surface is pronouncedly flat- 
tened; it decreases somewhat again within 
the apical fifth of the guard. 

The dorsal side of the guard is somewhat 
flattened throughout its posterior three- 
fifths, although much less than is the ventral 
side in the same interval; this results in the 
asymmetrically oval cross-section of the 
guard throughout the posterior half. The 
flattening rapidly above the 
guard's middle and is absent throughout the 
anterior third of the same where the dorsal 
side of the guard protrudes somewhat be 
tween the anteriorly converging dorso- 
lateral depressions. 

The surface of the guard appears to be 
smooth with only a few short and weak, 
oblique or longitudinal striae visible under 
favourable light conditions here and there 
on the posterior half; better expressed, but 
nevertheless fine and weak longitudinal 
furrows cover most of the guard’s surface 
between the apex and the level 10 to 12 mm. 
above the latter (pl. 72, figs. 2A-2B). 

Single lateral furrows could not be ob- 
served with certainty. 

Double dorso-lateral furrows first appear 
in the somewhat dorso-lateral position about 
8 mm. above the apex on both sides of the 
guard and extend straight, parallel, and 
strictly longitudinally all over the posterior 
half; these furrows are 0.3—0.4 mm. wide and 
are separated from each other by a 0.5 mm. 
wide interspace; near the point of the first 
appearance the furrows are difficult to 
distinguish from the adjacent, closely 
spaced, longitudinal furrows. Some 42 mm. 


decreases 
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the apex the double dorso-lateral 
furrows enter the dotso-lateral depressions, 
which, begin at about that level; they dis- 
appear almost immediately thereafter. 
The longitudinal, dorso-lateral depres- 
sions are very shallow and devoid of any 
inner relief; their width is about 2 mm. at 
the posterior end but they expand to about 3 
mm. at the outer edge of pseudoalvevolus. 
The more clearly defined dorsal margins of 


above 


the depressions converge gradually towards 


the alveolar end of the guard while the al- 
most imperceptible ventral margins run 
virtually longitudinally in the same direc- 
tion. The dorsal field of the guard becomes 
more and more narrow, and at the same time 
increasingly elevated, orad between the 
dorsal margins of the dorsolateral depres- 
sions. 

The truncated alveolar end is ‘“‘hoof-like”’ 
but rounded in cross-section, with the ven- 
tral side forming a straight line, except for 
the rounded corners; it is depressed through- 
out and forms a shallow pseudoalveolus, 
which is 4.5 to 5.0 mm. deep at its center. 
The outer edge of the alveolar end is tilted 
towards the dorsal the guard in 
lateral aspect at about 20° (pl. 72, fig. 2B). 
The walls of pseudoalveolus have a mark 
edly convex profile; they are only slightly 
depressed throughout the outer third of 
pseudoalveolus but the inward dip of their 
walls increases gradually towards its center 
and reaches some 40° in the central third of 
pseudoalveolus. The boundary between 
both parts of pseudoalveolus is not sharp; 
the profile of pseudoalveolus is rather simi- 
lar to that of the specimens of Actinocamax 
manitobensis figured by Jeletzky (1950, pl. 
I, figs 3,5; text-fig. 1). 

The surface of pseudoalveolus exposes the 
edges of concentric growth-layers of the 
guard; these latter display a characteristic 
lamellar and radial pattern and radial cross- 
ridges typical of Actinocamax in general and 
of A. manitobensis in particular (Jeletzky, 
1950, p. 6; this paper pl. 72, fig. 2C). 

In the specimen here discussed there are 
15 radial ridges of unequal prominence and 
size crossing the surface of depressed pseudo- 
alveolus; most of them are situated on its 
dorsal side (pl. 72, fig. 2C). 

The embryonic bulb is visible at the bot- 
tom of the deepest, central part of pseudo- 
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is about 1 wide but its 
bottom is partly covered by the remaining 
rock. A deeply incised furrow, broadly 
gaping in its outer half, crosses the ventral 
side of pseudoalveolus (pl. 72, fig. 2C); in the 
central, steep part of pseudoalveolus this 
furrow begins 1.0 to 1.5 mm. above the 
embryonic bulb; its walls remain in contact 
throughout the inner part of pseudoalveolus; 
there the furrow obviously represents the 
well preserved, lowermost part of the ventral 
fissure originally present in all Actinocamax 
(Jeletzky, 1950, p. 7-8). The gaping outer 
(upper) part of the furrow cuts through the 
upper part of the wall of pseudoalveolus and 
forms a 4 mm. long, gaping, irregularly 
curved fissure on the ventral surface of the 


alveolus; it mm. 


guard just below the edge of pseudoalveolus 
(pl. 72, fig. 2A). This gaping ventral fissure 
is obviously caused by the weathering and 
decay of the substance of the guard around 
the originally ventral furrow and 
along the bottom of the ventral fissure ad- 
joining this latter (Jeletzky, 1950, p. 7-8). 

Remarks. Although well within the known 
range of variation of the typical form of A. 
the 
obviously transitional between this form and 
its rela- 
tively deep alveolus with the only weakly 
developed edge between its outer and inner 
parts (Jeletzky, 1950, p. 6), as well as in its 
strongly developed although short ventral 
fissure. In above features the Kansas guard 
virtually duplicates the Canadian guard 
reproduced by Jeletzky, 1950 on pl. 1, figs. 
3a—3c, text-fig. 1. These two guards are also 
extremely similar in their ventrally lanceo 


present 


manitobensts, here described guard is 


A. manttobensis var. lawrencti in 


late and laterally subcylindrical shape. 
The Kansas guard is much smaller and 


than the majority of the 
Canadian guards. Only the young guard of 
A. manitobensis reproduced by Jeletzky on 
pl. I, figs. la-1c is smaller than the Kansas 
guard. The Kansas guard is therefore ap- 
parently a half grown representative of the 
species. This assumption is further strength- 
ened by its comparison with the correspond- 
ing growth-lines of the adult Canadian 
specimen reproduced by Jeletzky (1950, p. 
4, text-fig. 2). 

Locality, Stratigraphic Position and Age. 
According to the written communication of 
Mr. George F. Sternberg, the guard here 
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described was: ‘‘picked up by George F. 
Sternberg in Gove or Logan Co., in the 
Niobrara Cretaceous chalk, exact locality 
and year not known.” 

In the western interior of Canada, how- 
ever, A. manitobensis (Whiteaves, 1889) and 
all its varieties appear to be restricted to the 
late, but not the latest, Turonian. As shown 
by Jeletzky (1960) this species is only known 
from the regional Ostrea lugubris zone. This 
Canadian zone corresponds to part or all of 
the following late Turonian zones of the 
western interior of the United States (as 
cending order): 

(1) Prionocyclus (Collignoniceras) hyatti 
and Scaphites carlilensis. 

(2) Prionocyclus (Collignoniceras) 
combi and Scaphites warrent. 

(3) Prionocyclus (Prionocyclus) wyoming 
ensts and Scaphites ferronensis. 

(4) Scaphites nigricollensis, Prionocyclus 
reesidei, and 

(5) Scaphites corvensis. 

All of the above zones of the western 
interior of the United States are older than 
the oldest zone known in the Niobrara for- 
mation—that of Scaphites preventricosus and 
Inoceramus deformis. The Niobrara forma- 
tional assignment of the Kansas specimen of 
A. manitobensis f{. typ. is, therefore, in 
conflict with the now known time-range of 
the species. This discrepancy can be ex- 
plained in several ways: 

(1) The Niobrara of Kansas may include 
rocks older than those of the Scaphites 
preventricosus and Inoceramus deformis zone; 

(2) Actinocamax manitobensis et var. 
may have a longer time-range than hitherto 
known; and 

(3) The Kansas specimen here described 
was mislabelled and was actually found in 
rocks older than those of the Niobrara 
formation. 

The explanation (2) is quite improbable. 
Scaphites preventricosus and Inoceramus 
depressus zone, which was assumed to be of 
the latest Turonian age by Jeletzky (1960), 
contains, indeed, an entirely different Acti- 
nocamax fauna in U.S.A. (Montana) as well 
as in Canada. This fauna shall be described 
elsewhere. 

The explanation (1) is possible, as the 
fauna of the lower Niobrara of Kansas is 
still imperfectly known. The writer does not 
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know, however, of any supporting paleon- 
tological evidence in the American litera 
ture. 

Explanation (3) is favoured by the writer 
as the Kansas specimen of A. manitobensis 
var. kansanus described below was collected 
from the Carlile shale, and most likely from 
the Fairport chalky member of this forma- 
tion. The Kansas fragment of -1ctinocamax 
cf. manitobensis var. spicularis, although 
from an uncertain horizon and locality, may 
also have been collected from below the 
Fort Hays limestone of the Niobrara forma- 
tion (see below). 

It is, therefore, suggested tentatively that 
the Kansas guard of 1. manitobensis f. typ. 
here discussed was actually collected in the 
Fairport chalky shale member of the Carlile 
shale. It is hoped that this assumption shall 
be checked upon by American colleagues 
working in Kansas. 


ACTINOCAMAX MANITOBENSIS 
var. KANSANUS nN. var. 
Pl. 72, Figs. 1A-1E, Text-figs. la—1b 

Diagnosis. Guard very slender and long; 
its elongation ratio is about 10 times; 
slightly lanceolate in ventral and in lateral 
aspect and tapers gently and gradually 
toward the apical and alveolar ends from the 
level of maximum diameters; apical end very 
acute, with the dorso-ventral apical angle of 
only 23°; alveolar end protrudes and forms a 
low, rounded mound slanted irregularly 
toward the dorsal side of the guard. 

Type Specimen. The only known specimen 
of A. manitobensis var. kansanus (pl. 72, fig. 
1A-1E) is its holotype by monotypy; it is 
preserved in the collections of the Fort Hays 
College, Hays, Kansas, Cat. No. 7143. 

Description. Guard is very slender and 
long (length 125 mm.) with the elongation 
ratio of about 9.8 times; it is rather large and 
slightly lanceolate in ventral as well as in 
lateral aspect. Critical dimensions and ratios 
are given in Table 1. From the level of the 
maximum diameters, which are situated 
47-51 mm. below the rim of the alveolar end, 
the guard tapers very gently and evenly 
orad in both aspects all the way to the rim of 
the alveolar end; apicad the guard tapers 
almost imperceptibly in lateral and in ven- 
tral aspects from the level of maximum 
diameters to that 45 mm. above the apex; 
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further apicad the tapering increases pro 
gressively but gradually all the way towards 
the apex; this results in the somewhat con- 
vex outline of the apical third of the guard in 
lateral and ventral aspects. The apical end is 
very acute and nonmucronated; the apical 
angle measures only 23° in the dorso-ventral 
plane. The lateral profile of the guard is 
slightly asymmetrical (pl. 72, fig. 1C-1D) its 
dorsal outline being gently convex while the 
ventral outline is almost straight, except 
near the apical and alveolar ends of the 
guard. The apical end of the guard is slightly 
displaced toward its dorsal side. 

The surface of the guard is mostly almost 
smooth; it only shows weak longitudinal 
striae in several places, particularly in the 
apical third of the guard. In one or two 
places, however, the upper layer of the 
guard is peeled off exposing the next older 
layer, which is covered by strong and closely 
spaced but thin longitudinal furrows (pl. 72, 
fig. 1A). This suggests that the almost 
smooth appearance of the remaining part of 
the guard’s surface is caused by its imper 
fect preservation. 

The ventral side of the guard is somewhat 
flattened throughout the middle three-fifths 
of its length (Text-figs. la,1b), the flattening 
almost disappears closer to the alveolar and 
apical ends of the guard. The dorsal side 
distinctly protrudes throughout the alveolar 
half of the guard between the dorso-lateral 
depressions, which converge gradually 
toward the alveolar end of the guard; it is 
only slightly flattened throughout this 
interval. The alveolar end is ovate in cross 
section, the dorso-ventral diameter being 
greater than the lateral diameter; the latter 
is situated closer to the ventral side of the 
guard (pl. 72, fig. 1E). The lateral compres 
sion of the alveolar end gradually decreases 
apicad and becomes replaced by the moder 
ate dorso-ventral compression of the guard 
already in its upper third; further apicad 
this dorso-ventral becomes 
more pronounced in the middle two-fifths of 
the guard; it decreases again in the apical 
fifth of the same. 

The alveolar end of the guard protrudes 
somewhat above the alveolar edge of the 
same; it forms a more or less regularly 
rounded, low mound that bears a 2 mm. 
wide, round, and steeply conical hole at its 
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EXPLANATION OF TEXT-FIGURES 


Text-rics. la—1b. Actinocamax manitobensis (Whiteaves, 1889) var. kansanus n. var. Two cross- 
sections of the holotype figured in pl. 72, figs. 1A-1E; Ja, cross-section at the level about 37 mm. 
below the alveolar end (at the upper fracture visible in pl. 72, figs. 1A-11D); 16, cross-section at the 
level about 36 mm, above the apical end (at the lower fracture visible in pl. 72, figs. 1A-1D). both 
cross-sections X1. 

PeExT-FIG. 2. Actinocamax cf. A. manitobensis (Whiteaves, 1889) var. spicularis n. var. Kansas. Lo- 
cality and formation uncertain. The specimen has been presumably collected in the Benton forma- 
tion below the Fort Hays limestone in Upper Turonian (lower part?) beds. Fort Hays College, 
Cat No. 10367. Cross-section of the anterior end of the fragment X 3. 

PeXtT-F1G. 3. Actinocamax walkeri. n. sp. Cross-section of the holotype figured on pl. 72, figs. 3A-3D 
at the level about 26 mm. above the apical end (at the fracture visible in pl. 72, figs. 3A-3C) X1. 

leExtT-FIGS, 4a—4d. Actinocamax sp. aff. A. laevigatus Arkhangelsky 1912. Niobrara formation. Smoky 
Hill chalk member. Tre ‘go County. Kansas. Probably not more than 50 feet above the top of Fort 
Hays limestone. ?Upper Santonian. Collected by Mr. Orrin D. Oppliger. Fort Hays College Cat. 
No. 10368. 4a, right lateral view; 46, ventral view; 4c, left lateral view; 4d, cross-section of the 
guard at its broken off posterior end. The missing apical part of the specimen restored from the 
general outline of its preserved part. All figures X1. 

Pext-F1Gs. 5a—5d. Actinocamax sp. aff. A. laevigatus Arkhangelsky 1912. Niobrara Cretaceous chalk, 
Gove or Logan Co , Kansas. Picked up by George F. Sternberg. Exact locality and year not known. 
Probably was collected at about the same level within the Niobrara formation as the specimen No. 
10368. ?Upper Santonian. Fort Hays College Cat. No. 8126. 5a, dorsal view; 5 left iateral view; 
5c, ventral view; 5d, cross-section of the guard at its broken off posterior end. The missing apical 
part of the specimen restored from the general outline of its preserved part. All figures X 1. 

TEXT-FIGS, 6a—-6c. Actinocamax sp. indet. A. ( 2aff. A. manitobensis Whiteaves, 1889). Niobrara Cre- 
taceous chalk. Gove or Logan Co., Kansas. Picked up by George F. Sternberg. Exact locality and 
year not known. The age of the specimen can range from the latest Turonian to the early Campanian 
but it was more likely collected from the uppermost Turonian or Coniacian rocks. Fort Hays Col- 
lege Cat. No. 7936-4. 6a, ventral view; 6b, left lateral view. Note that the alveolar end of the guard 
is strongly squashed in dorso-ventral direction (compare also text-fig. 6c); 6c, view of the alveolar 
end from above. All figures X 1. 

rhe ventral side of the guard is marked ‘“‘y”’ in all figures. 


middle (top); the latter is 1.5-2.0 mm. deep, — p. 6). The dorsal third of the protruding 
with the embryonic bulb situated at its alveolar end is destroyed by weathering; two 
bottom. The protruding, truncated surface irregular hollows with an irregular ridge 
of the alveolar end shows a typical" actino- between them occur there (pl. 72, fig. 1B). 


camaxoid” sculpture, such as occursin other The ventral side of the protruding alveolar 
varieties of .1. manitobensis (Jeletzky, 1950, end bears a fissure, which cuts through the 
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ventral wall of the above described conical 
hole and connects it with the pronounced, 
much wider, deeply incised furrow occurring 
on the ventral side of the guard just below 
the alveolar rim. This incised ventral furrow 
continues for about 5 mm. apicad from the 
alveolar rim; further apicad it changes into a 
shallow furrow with a rounded profile, which 
continues for another 19-20 mm. apicad 
gradually becoming less conspicuous and 
finally disappearing completely at the end of 
this interval (pl. 72, fig. 1A). The above 
discussed ventral fissure apparently begins 
quite close to the embryonic bulb within the 
conical hole crowning the protruding alveo- 
lar end. The observed relationships are, 
thus, much the same as those in Actinocamax 
sp. aff. A. strehlensis (Jeletzky, 1950, p. 14). 

Short, single lateral furrows are faintly 
visible under favourable light conditions on 
both sides of the guard in its alveolar quar- 
ter; they begin close to the flattened ventral 
surface of the guard at their posterior ends 
and run obliquely orad gradually approach- 
ing the dorso-lateral These 
single lateral furrows are 10 to 15 mm. long 
and seem to end blindly on both ends; they 
are not visible on the photographs. 


depressions. 


Double dorso-lateral furrows and longi- 
tudinal depressions harbouring the former 
over the anterior half of the guard are rather 
strongly developed. The 
lateral furrows begin close to the apical end 
of the guard in the middle of its flanks; they 
become more distinct further orad and 
gradually shift into their normal dorso- 
lateral position in this direction; the furrows 
are about 0.5 mm. wide and are separated 
from each other by a similarly wide elevated 
interval throughout the apical half of the 
guard; they are not accompanied by any 
depressions throughout this interval, except 
for an irregularly shaped longitudinal de- 
pression on the right side of the guard occur- 
ing between the levels 38 to 48 mm. above 
the apex (pl. 72, fig. 1D); this depression is 
believed to be pathological in nature. The 
double dorso-lateral furrows run an essen- 
tially straight course throughout their 
observed length. Some 55 mm. above the 
apex they become indistinct and enter the 
bottom of the dorso-lateral depressions, 
which become apparent on the guard's 
flanks at about that level. Dorso-lateral 


double dorso- 
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depressions are some 2-3 mm. wide and 
about 1 mm. deep at the point of their first 
appearance; they gradually become wider 
toward the alveolar end of the guard, be- 
coming at the same time more shallow and 
converging gradually toward the borders of 
the guard's dorsal side in the same direction; 
they are 5 to 7 mm. wide near the outer edge 
of the alveolar end. Indistinct longitudinal 
ridges and secondary longitudinal depres- 
sions occur within dorso-lateral depressions 
on the anterior two-fifths of the guard; it 
was not possible, however, to connect these 
with the double dorso-lateral furrows, which 
become lost within their lower part. 

The character of the ontogenetic develop- 
ment could not be observed on the only 
specimen studied. 

Remarks.—A. manitobensis var. kansanus 
n. var. is of considerable taxonomical interest 
in being morphologically transitional be- 
tween A. manitobensis var. trehernensis and 
Actinocamax manitobensis var. spicularis n. 
var. This indicates that the latter form 


previously described as Actinocamax sp. aff. 
A. strehlensis Fritsch et Schloenbach is but 
an extreme morphological variety of the 


here described species (see below). 

Stratigraphic Position, Locality and Age. 
The label of the only known specimen of A. 
manitobensis var. kansanus reads: ‘Dutch 
Hallow in Rush Co., Kansas; near Ellis Co. 
line; presented by A. N. Schuttle, Ellis, 
Kansas.” 

According to Mr. Myrl V. Walker (letter 
of January 24th, 1958) the specimen #7143: 
“came from below the Fort Hays limestone 
and probably from the Fairport chalky shale 
of the Carlile shale. This is well down in the 
old “Benton” series. The Fairport chalky 
shale contains thin chalk beds similar in 
appearance to the Smoky Hill chalk.’ Dr. 
Halsey W. Miller, Jr. adds (letter of January 
15th, 1958) that: “the specimen #7143 is 
definitely from the Benton and that its 
locality is situated near the Greenhorn- 
Graneros outcrops.” 

This stratigraphic placement of specimen 
#7143 is in a perfect agreement with the 
known time range of 4A. manitobensis f. typ. 
et var. in Canada (see above). It is assumed, 
therefore, that A. manitobensis var. 
kansanus is a geologically contemporary 
morphological variety of that species rather 
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than a closely related but independent 
palaeontological species (evolutionary stage) 
occurring in older or younger Turonian rocks 
of Kansas. 

Origin of Name.—From the State of 
Kansas where its holotype and the only 
known specimen was found. 


ACTINOCAMAX MANITOBENSIS 
var. SPICULARIS Nn. var. 
Text-fig. 2 
?Actinocamax plenus Geinitz, 1872-75, p. 180, pl. 

31, figs. 13,14 non 15 
Actinocamax sp. aft. A. strehlensis Jeletzky, 

1950, p. 12-17, text-fig. 2, pl. IIT, figs 1,4,5. 

Diagnosis.—See Jeletzky, 1950, p. 12. 

Type Specimen.—The specimen G.S.C. 
#9670 figured by Jeletzky (1950, p. 12, pl. 
III, fig. 4) was already sighted as the pro- 
visional type specimen of this informally 
described Actinocamax form; it is now for- 
mally selected as the holotype of this form 
following its naming as a new morphological 
variety of Actinocamax manitobensis (White- 
aves, 1889) s. lato in this paper. 

Description.—See Jeletzky, 1950, p. 12. 

The only Kansas specimen tentatively 
referred to A. manitobensts var. spicularis n. 
var. is a fragment, which represents most of 
the posterior half of the guard and some of 
its anterior part; it is 47 mm. long with 
both ends broken off and polished; at the 
anterior end of the fragment the dorso- 
ventral diameter is 12.1 mm. and the lateral 
diameter is 11.1 mm.; at the posterior end 
of the fragment the dorso-ventral diameter 
is 7.5 mm. and the lateral diameter is 8.0 
mm.; the fragment tapers markedly but 
evenly all the way apicad in ventral as well 
as in lateral aspect, which is characteristic 
of Actinocamax manttobensis var. spicularis 
n. Var. 

The surface of the fragment appears to 
be completely smooth; this is, however, 
obviously due to its being strongly corroded. 
The dorso-lateral depressions are but faintly 
visible near the anterior end of the fragment. 
The growth-lines visible in the fracture of 
the upper end of the fragment (text-fig. 2) 
give a much better idea about the original 
cross-section of the guard than the outline 
of its surface; this has a 
rounded trapezoidal shape and is charac- 
terized by the somewhat flattened dorsal 
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side protruding between fairly strongly 
incised dorso-lateral depressions; the ventral 
side is more strongly flattened; the lateral 
diameter of the outermost growth-line is 
7.8 mm. and the dorso-ventral diameter is 
7.2 mm. A still younger cross-section with 
the lateral diameter of 4.1 mm. and dorso- 
ventral diameter of 3.8 mm. is more regu- 
larly ovoid in outline with only weakly ex- 
pressed dorso-lateral depressions; it still has 
the flattened ventral side and marked dorso- 
ventral compression, however. 

Affinities and Differences——The writer's 
doubts about the specific independence of 
-lctinocamax sp. aff. A. strehlensis (Jeletzky, 
1950, p. 14) were confirmed by the discovery 
of «1. manitobensis var. kansanus in the 
Carlile shale (?Fairport chalky shale) of 
Kansas. The latter variety is morpho- 
logically transitional between Actinocamax 
sp. aff. A. strehlensis and A. manitobensis 
var. trehernensis. Actinocamax sp. aff. A. 
strehlensis is, therefore, now considered to be 
only an extreme morphological variety of 
A. manitobensis s. |. for which the name 
1. manitobensis var. spicularis n. var. is 
proposed herewith. 

The .tctinocamax forms from the Upper 
Turonian rocks of Strehlen (Czechoslovakia) 
described and figured by Geinitz (1872-75, 
p. 180, pl. 31, figs. 13,14) are tentatively 
identified as the European representatives 
of A. manitobensis var. spicularis; they ap- 
parently only differ from the Canadian 
representatives of this variety in their smal- 
ler size. 

The legitimate cotypes of lctinocamax 
strehlensis Fritsch and Schloenbach emend. 
Stolley, 1916 figured by Fritsch and Schloen- 
bach (1872, p. 18, pl. 16, figs. 10-12) differ 
from the Canadian and ?European repre 
sentatives of .1. manitobensis var. spicularts 
in their much shorter and stouter guard, 
depressed shape of the alveolar end, and in 
pronouncedly lanceolate shape of the guard 
in ventral and lateral aspects; the two forms 
are here considered to be specifically dis- 
tinct. 

Actinocamax manitobensis var. spicularis 
differs from A. intermedius Arkhangelsky, 
1912 s. str. (Jeletzky, 1949, p. 421) in the 
same features as from A. strehlensis Fr. et. 
Schloenb. em. Stoll. It is, furthermore, 
probable that this upper Turonian form is 
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synonymous with A. strehlensis Fr. et. 
Schloenb. em. Stoll. The close affinity of «1. 
intermedius and A. strehlensis was recently 
confirmed by Soviet workers (Naidin, 1956, 
p. 23). 

The close affinity of A. manitobensis var. 
spicularis with A. primus Arkhangelsky, 
1912 has already been stressed (Jeletzky, 
1950, p. 15-16). The typical form of the 
latter species—A. primus var. primus 
Birkelund, 1957—differs from juvenile and 
adult representatives of 1. manitobensts var. 
spicularis in: 

(1) Slightly lanceolate to subcylindrical 
outline of the guard in lateral aspect; 

(2) Shorter and sturdier guard; and 

(3) Generally smaller dimensions. 

These morphological differences are well 
illustrated by the specimens of .1. primus 
var. primus Birkelund reproduced by Ark- 
hangelsky (1912, pl. X, figs. 1-5), Jeletzky 
(1948, text-fig. 1) and Birkelund (1957, pl. 
1, figs. 1,4). 

The extreme slender form of A. primus 
A. primus var. elongata Arkhangelsky, 1912 

often has a guard that is just as slender 
and long as that of A. manitobensis var. 
spicularis; its guard tapers, furthermore, 
gently and evenly apicad in lateral aspect 
from the alveolar rim to the posterior third 
of its length. Such forms of A. primus var. 
elongata were figured by Birkelund (1957, 
pl. 1, figs. 2,3); they can only be distin- 
guished from A. manitobensis var. spicularis 
in the constantly smaller size of their guards. 
All larger representatives of A. primus 
known to the writer differ, indeed, from A. 
manitobensis var. spicularis in above listed 
morphological features (1) to (3). 

Taking into the consideration that A. 
primus var. elongata and A. manitobensis 
var. spicularis are the extreme morpho- 
logical varieties of the generally speaking 
easily distinguishable Actinocamax forms 
occurring in beds of a different geological 
age, their close morphological similarity is 
obviously due to homoeomorphy. 

Locality, Stratigraphic Horizon and Age.— 
According to the museum records the only 
known Kansas fragment of A. cf. manito- 
bensis var. spicularis, which is preserved in 
the Fort Hays College, Hays, Kansas, Cat. 
No. #10367, was found in a miscellaneous 
collection of fossils received from the widow 


of the late Mr.’Fay van Wormer. The hori- 
zon is uncertain. According to Mr. Myrl V. 
Walker (letter of January 24th, 1958) this 
fragment: ‘‘may have also come from below 
the Fort Hays limestone. It came to the 
museum from a private collector who col- 
lected considerable material from the old 
‘Benton’ series.”’ 

In Canada A. manitobensis var. spicularis 
is, as far as now known, confined to the 
Assiniboine member of the Favel formation 
in Manitoba and Saskatchewan. In Alberta 
it was found in the regional Ostrea lugubris 
zone of the Cardium (= Bighorn) formation. 
In northeastern British Columbia it occurs 
in the Tuskoola sandstones of the Pine 
River area (Jeletzky, 1960). All beds con- 
taining A. manitobensis var. spicularis in 
Canada were found to be of the late, but 
not the latest, Turonian age; they appear 
to be contemporary with the late Turonian 
Strehlen beds of Czechoslovakia, which 
carry Actinocamax forms apparently indis- 
tinguishable from A. manitobensis var. 
spicularis (Geinitz, 1872-75, p. 180, pl. 31, 
figs. 13,14). 

The above described fragment of A. cf. 
manttobensis var. spicularis from Kansas is 
assumed to have been collected from the 
part of Carlile shale equivalent to the 
Canadian Ostrea lugubris zone. 


ACTINOCAMAX STERNBERGI Nn. sp. 
Pl. 72, figs. 


Belemnitella praecursor Miller, Jr., 1957, Text- 
figs. 1B,1C. 


Diagnosis —Guard large and moderately 
stout, slightly lanceolate in lateral aspect 
and feebly lanceolate in ventral aspect; 
entire surface covered with closely spaced, 
small granules, which generally show no 


definite arrangement; the alveolar end 
flatly truncated but with a protruding low, 
rounded mound in the middle; a small, 
rounded hole with the protoconch at its 
bottom occurs at the top of this mound. A 
gaping ventral fissure runs across the ventral 
side of the alveolar end beginning only 
about 0.5 mm. above the protoconch; it 
extends for 8 mm. below the rim of the 
alveolar end on the ventral side of the guard. 
Double dorso-lateral furrows are well de- 
fined, shallow, flat-bottomed and unusually 
wide (0.8-1.2 mm.); they are separated from 
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each other by well defined, unusually wide 
(0.9-1.1 mm.) interspaces. 

Type Specimen.—The only known speci- 
men of Actinocamax sternbergi is its holotype 
by monotypy. This specimen is figured on 
pl. 72, figs. SA-5F; it is preserved in the 
Fort Hays College, Hays, Kansas, Cat. No. 
7936-1. 

Although generally opposed to the formai 
naming of unique specimens, the writer has 
decided to make an exception in this partic- 
ular instance because of the excellent preser- 
vation of this interesting Actinocamax form 
and its sharp distinction in all essential 
taxonomical features from all other hitherto 
described \ctinocamay species. The infor- 
mally described East Greenland form 
-Actinocamax aff. groenlandicus Birkelund— 
is the only exception. This form (Birkelund, 
1956, p. 11-13, pl. 1, figs. 4a-4d) may be 
a geographical subspecies or a morphological 
variety of Actinocamax sternbergi. 

Description.—The guard is large (89 mm. 
long) and moderately stout, with the elonga- 
tion ratio of about 6.7 times; slightly lanceo- 
late in lateral aspect and weakly lanceolate 
in ventral the maximum 
ventral diameter of 13.2 mm. is situated 
only about 40 mm. below the alveolar end 
while the maximum lateral diameter of 13.9 
mm. lies much lower, about 33 mm. above 
the apical end of the guard. 

In the ventral aspect the guard tapers 
evenly and gradually orad all .he wav from 
the level of the maximum diameter to the 
alveolar end; the lateral diameter decreases 
to 10.9 mm. at the alveolar rim; below the 
maximum lateral diameter the guard's 
contraction in the ventral aspect is slight 
at first but increases gradually further down 
to the level about 8 mm. above the apex; 
this results in the gently convex outline of 
the guard throughout this interval; yet 
further apicad the contraction increases 
abruptly to about 38°, which value is main- 
tained to the very apex of the guard; this 
causes the straight, conical ventral outline 
of the guard closely above the apex (pl. 72, 
figs. 5A,5B). 

In lateral aspect the guard tapers almost 
imperceptibly orad from the level of the 
maximum diameter to the level of the base 
of the alveolar fissure; higher up the contrac- 
tion increases only slightly on the dorsal 


aspect; dorso- 
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side of the guard; on the ventral side, how- 
ever, it increases somewhat more markedly; 
this results in the slightly asymmetrical 
lateral profile of the guard, which is further 
stressed by the slight displacement of the 
apical end of the same toward the dorsal 
side discussed below (pl. 72, figs. 5C,5D). 
The dorso-ventral diameter decreases to 12.0 
mm. at the alveolar rim. Apicad the guard 
tapers almost imperceptibly and evenly 
from the level of its maximum dorso-ventral 
diameter to the level about 8 mm. above the 
apex; further apicad the contraction in- 
creases abruptly to about 37—38° also in the 
lateral aspect (pl. 72, figs. 5C,5D). This 
angle of contraction is then maintained to 
the apex, it results in the same straight and 
conical outline of this part of the guard as 
in dorsal and ventral aspects. It 
likely, however, that the value of the above 
contraction was increased by the dorso- 
ventral compression of the apical end of the 
guard described below. 

The apical end of the guard is slightly 
displaced toward the dorsal side; it is about 
3.5 mm. wide at the place of the break off; 
the latter is level and perpendicular to the 
guard's longitudinal axis; no traces of the 
rounded apex or of the mucro are preserved. 

For 2.5-3.0 mm. above the tip, the apical 
end of the guard is peculiarly compressed 
dorso-ventrally so as to suggest that its 
substance was still capable of plastic defor 
mation under the pressure of sediment after 
the guard's burial (pl. 72, figs. 5A,5D). 
Three short longitudinal wrinkles accom 
panied by cracks occur on the right side of 
the deformed part of the guard (pl. 72, fig. 
5C); these have obviously resulted from the 
deformation of the guard. The deformation 
itself was apparently caused by the incom 
plete calcification of the guard in <Actino- 
camax sternbergi. This phenomenon shall be 
discussed more fully below in connection 
with the description of similar plastic 
deformations of parts of the guards observed 
in Actinocamax walkeri nov. sp. 

The guard is markedly 
laterally at the alveolar end; the lateral 
compression there is accompanied by a con- 
siderable flattening of the lateral sides of the 
guard at that level and further down 
throughout the anterior third; this lateral 
compression and flattening gradually de- 
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creases apicad and finally disappears some 
35 mm. below the alveolar end of the guard 
where the dorso-lateral diameter is already 
13.2 mm. and the lateral diameter is 13.1 
mm. Further apicad the guard is markedly 
compressed dorso-ventrally throughout; at 
the level of the maximum lateral diameter 
of 13.9 (33 mm. above apex) the dorso- 
ventral diameter is only 12.6 mm. and the 
cross-section has the shape of a symmetri- 
cally flattened oval; ventral and dorsal sides 
of the guard are also markedly flattened in 
its posterior two-thirds, the former being 
somewhat more flattened. This flattening 
gradually decreases orad from the level of 
the guard's maximum lateral diameter. In 
the case of the dorsal side it almost disap- 
pears some 22 mm. below the alveolar end 
of the guard; some flattening persists, how- 
ever, all the way to the rim of the alveolar 
end (pl. 72, fig. 5E) where it is reflected in 
the somewhat angular cross-section of this 
latter. The ventral side remains somewhat 
stronger flattened throughout this interval. 

The dorsal side of the guard protrudes 
somewhat between the gradually converging 
orad dorso-lateral depressions throughout 
the anterior quarter of the guard (pl. 72, 
fig. 5B). 

The entire surface of the guard is orna- 
mented by the densely spaced, small granu- 
lae, mostly ranging from 0.15 to 0.5 mm. 
in diameter. The granulae can be rounded, 
oval, square, or irregularly elongated in 
cross-section; the interspaces between them 
vary from one to five diameters of the gran 
ulae (pl. 72, fig. 5F). Although they are 
disorderly arranged over most of the guard's 
surface, the granulae may form closely 
spaced, longitudinal rows along the margins 
of double dorso-lateral furrows and dorso- 
lateral depressions (see below); they are, 
furthermore, often absent, or rare and sub- 
dued, within these furrows and depressions 
(pl. 72, figs. SA-5D,5F); on the right side 
of the guard (pl. 72, fig. 5c) they form, 
finally, several ill-defined rows on the pos- 
terior third. These rows run obliquely to- 
ward the guard's ventral side from the more 
ventrally situated of the double dorso 
lateral furrows, with which they form an 
acute angle of less than 30°. These rows of 
granulae seem to represent the modified 
vascular imprints, which so often occur on 


the corresponding parts of the flanks of other 


Actinocamax species. 

The granulae are smaller and more 
densely crowded all over the anterior half 
of the guard as compared with the posterior 
half of same; they become more sparse, sub- 
dued, and are commonly only barely per 
ceptible, on the flanks of the guard in the 
interval between the apex and the level 
some 10-11 mm. above this latter. 

A few faint, mostly short and slightly 
wavering, longitudinal striae and furrows 
occur on the dorsal and ventral sides of the 
guard in the anterior quarter of the same. 

The single, lateral furrows are weakly 
developed; that on the left side of the guard 
(pl. 72, fig. 5D) persists over its upper third 
to the very alveolar end; it begins near the 
ventral side of the guard and runs obliquely 
and with a noticeable wavering to the point 
of the alveolar rim situated almost in the 
middle of the guard’s flank. Only a 11-12 
mm. long section of the single lateral furrow 
is visible in the upper third of the right side 
of the guard (pl. 72, fig. 5C); it runs longi 
tudinally throughout this interval. 

The double dorso-lateral furrows begin 
about 10 mm. above the apex on both sides 
of the guard; above the point of their first 
appearance they are sharply defined and are 
engraved directly in the rounded flanks of 
the guard throughout the posterior half of 
same. The double dorso-lateral furrows 
appear in the somewhat dorso-lateral posi- 
tion; on the left side of the guard (pl. 72, 
fig. 5D) they extend slightly obliquely, 
gradually approaching the dorsal side of the 
guard; on the right side of the guard, how- 
ever, they extend strictly longitudinally 
(pl. 72, fig. 5C). These furrows are unusu- 
ally wide (0.8 to 1.2 mm.), shallow, flat- 
bottomed, and are separated from each 
other by unusually wide (1.0 to 1.1 mm.), 
slightly elevated interspaces covered with 
granules, which are sometimes (pl. 72, fig. 
5D) arranged in rows along their edges. 
Whenever present, this arrangement of 
granules is apt to create the impression of 
two elevated lines occurring along the edges 
of interspaces between double dorso-lateral 
furrows and separated by an additional fur- 
row from each other. 

The longitudinal dorso-lateral depres- 
sions, which harbour the above discussed 
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double dorso-lateral furrows throughout the 
anterior half of the guard, begin about 45 
mm. above the apex and continue orad to 
the alveolar rim of the guard; they are about 
2.5 mm. wide at the point of their first ap- 
pearance and gradually widen orad to be- 
come 4.5 to 5.0 mm. wide just below the rim 
of the guard’s alveolar end (pl. 72, figs. 
5C,5D; SPF): 

The ventral margins of the longitudinal 
depressions are almost imperceptible even 
in the favourable light, while their dorsal 
margins are sharply defined. Pronounced 
but round-bottomed, 1.5 mm. wide and 0.75 
mm. deep longitudinal furrows run just in 
side dorsal margins of the depressions; they 
are the direct continuations of the more 
dorsal furrows of the above described double 
dorso-lateral furrows (pl. 72, figs. 5C,5D,5F). 
Indistinct, broadly and gently rising, longi- 
tudinal elevations occupy the middle parts 
of the longitudinal Barely 
perceptible longitudinal furrows separate 
these elevations from the ventral margins of 
the same depressions; these furrows seem to 
orad continuations of the 
more ventral ones of the above discussed 
double dorso-lateral furrows but it was not 
possible to trace the connection between 
them across the mid-section of the guard. 

The so called dorsal field of the guard is 
limited by the dorsal margins of the longi- 
tudinal depressions and by the more dorsal 
ones of the double dorso-lateral furrows (pl. 
72, figs. 5B, 5F); it is about 9.6 mm. wide 
at the point of the first appearance of the 
double dorso-lateral furrows but 
11.7 mm. wide at the level 39 mm. above the 
apex because of the slight divergence of the 
furrows in the orad direction within this 
interval; higher up first the furrows and 
then the margins of the longitudinal depres- 
sions converge evenly and gradually orad all 
the way to the alveolar end of the guard, 
where the dorsal field becomes only 7.0 mm. 
wide. As the dorsal field of the guard be- 
comes more narrow orad, it becomes pro 
gressively more elevated and more regularly 
rounded. 

The truncated alveolar end of the guard 
is regularly oval in cross-section; the longer 
axis runs in dorso-ventral direction (pl. 72, 
fig. 5E). Only the central portion of the 
alveolar end, which is 4.0-4.5 mm. wide and 
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more or less circular in outline, protrudes 
slightly and forms a low cone with the 
rounded top; a small, about 1.5 mm. wide 
and about 2.0 mm. deep, steeply dipping 
and conical, round hole occurs atop of this 
cone, exactly in the center of the truncated 
alveolar end; the protoconch occurs at the 
bottom of this hole. The rest of the trun 
cated alveolar end is virtually level with its 
outer edges; its surface is, however, slightly 
inclined toward the dorsal side of the guard. 

The alveolar end of the guard exposes the 
edges of the layers throughout; 
these form concentric rings. The surface of 
the truncated alveolar end of the guard is 
intersected by about 14 radial ridges of 
different height and width (pl. 72, fig. 5E). 
Most of the ridges do not cross the central 
elevated part of the end of the 
guard. 

The ventral side of the truncated alveolar 
end is crossed by a fissure, which begins 
within the above mentioned round hole only 
about 0.5 mm. above the protoconch; this 
fissure cuts through the protruding part of 
the alveolar end of the guard; the walls of 
the fissure are only 0.25 mm. from each 
other within this interval. The fissure be 
comes gaping throughout the flat part of the 
alveolar end, its walls being about 1.4 mm. 
apart within this interval; simultaneously 
the bottom of the fissure plunges obliquely 
apicad; it forms an angle of 15°-18° with 
the ventral surface of the guard but its 
course is not straight but slightly concave. 
The similarity of the outline of the bottom 
of ventral fissure of Actinocamax sternbergi 
with that of Actinocamax aff. groenlandicus 
Birkelund (1956, pl. 1, fig. 4c) is striking. 

The ventral fissure reaches the ventral 
surface of the guard about 8.7 mm. below 
the rim of the alveolar end and continues 
for another 2 mm. apicad in the form of a 
shallow, 2 mm. wide ventral furrow (pl. 72, 
fig. 5A), which then disappears. It is believed 
that the above described, gaping fissure 
represents the secondarily 
broadened ventral furrow (Jeletzky, 1950, 
p. 7-8), except where it cuts through the 
protruding part of the alveolar end; it is 
also possible, of course, that the gaping part 
of the fissure represents the secondary deep- 
ening and broadening of the original ‘‘split- 
ting surface’’ such as was described by 
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Jeletzky (1946, p. 100-101, text-fig. 3) in 
some other Actinocamax species. 

The ontogeny of A. sternbergi could not 
be studied in the only specimen available. 

Affinities and Differences.—A. sternbergi 
belongs to the so called granulated stock of 
A. verus Miller, 1826. The taxonomic value 
of granulation was stressed by Jeletzky 
(1950, p. 4). Birkelund’s (1956, p. 11) re- 
mark that this feature may not always be 
diagnostic on the specific level appears to 
be correct, however; this definitely puts in 
doubt the previously assumed taxonomical 
value of granulation within the 
Actinocamax s. str. 

Actinocamax aff. groenlandicus Birkelund 
(1956, p. 11-13, pl. 1, figs. 4a—4d) is un 
doubtedly the known ally of Al. 
sternbergi; it agrees with the latter species 
in most of the essential morphological char- 
acters. A. sternbergi only differs from the 
East Greenland form in: 

(1) Much more 
with more 
spaced granules; 

(2) Slightly 
guard in lateral aspect; 

(3) Slightly less protruding and some- 
what differently shaped alveolar end; 

(4) Stronger development of the double 
dorso-lateral furrows and longitudinal de- 
pressions; 


genus 


closest 


granulation 
more closely 


extensive 
numerous and 


lanceolate outline of the 


(5) Presence of the single lateral furrows; 
and 

(6) Much greater width and different ap- 
pearance of the double dorso-lateral fur- 
rows. 

Distinctions (1) to (5) seem to be taxo 
nomically unimportant on the specific level, 
especially as the only known guard of J1. 
aff. groenlandicus was found in the basal 
Upper Campanian conglomerate apparently 
reworked from older Upper Cretaceous 
rocks (Birkelund, 1956, p. 11-12). It could, 
therefore, have easily been much more ex- 
tensively granulated originally, with more 
strongly developed double dorso-lateral fur- 
rows and longitudinal depressions; also the 
absence of single lateral furrows in A. aff. 
groenlandicus could easily be due to their 
subsequent abrasion. 

It is, therefore, that aff. 
groenlandicus is conspecific with .1. stern- 
bergi, being either the morphological variety 


pe ssible 
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or the geographical subspecies of the latter 
species. The distinction (6) in the width and 
general appearance of the double dorso- 
lateral furrows is, however, believed to be 
taxonomically significant on specific level 
and it is for that reason that the writer has 
refused to place A. aff. groenlandicus in the 
synonymy of A. sternbergi, at least for the 
time being. 

Actinocamax groenlandicus  Birkelund 
(1956, p. 5-11, pl. 1, figs. la-1c,2,3a—3c) 
differs from A. sternbergi in: 

(1) Shallow, depressed pseudoalveolus; 

(2) Much less extensive granulation; 

(3) Presence of extensive and strongly 
expressed longitudinal striation; 

(4) Longer ventral fissure; 

(5) Greater slenderness, longer and more 
acute apical end, and at first subcylindrical 
and then slowly tapering lateral outline of 
the guard. 

Morphological distinctions (1), (2), (3), 
and (4) appear to be taxonomically signifi- 
cant on specific level. Taken together with 
the less significant distinctions in the shape 
of the guard, they are considered to be 
ample for the specific separation of the two 
forms concerned. 

All other hitherto described North Amer- 
ican Actinocamax forms differ sharply from 
A. sternbergi already in the total lack of 
granulation. They cannot be confused with 
it and so shall not be further discussed here. 

Among the Eurasian .ctinocamax species, 
Actinocamax westfalicus Schliiter differs 
from .1. sternbergi in: 

(1) Weak development or total lack of 
granulation; 

(2) Much shorter and stouter guard; 

(3) Development of vascular imprints 
and striae; 

(4) Much smaller size; and 


(5) Several other less significant morpho 
logical features. 
distinctions 


These are ample for the 
specific separation of these two forms. 

Although somewhat similar to A. stern- 
bergi in their granulated surface, all known 
representatives of the genus Gonioteuthis 
Bayle, 1878 differ so much from the North 
American form in all other important 
morphological features that they shall not 
be further discussed here. 

1ctinocamax 1916 
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(Fritsch and Schloenbach, 1872, pl. 16, fig. 
17) is, like A. sternbergi, granulated almost 
throughout; it differs, however, from the 
Kansas species in: 

(1) Granules forming patterns of the cor- 
rugated transverse lines; 

(2) More distinctly triangular cross-sec- 
tion of the alveolar end; 

(3) Moderately protruding, rounded al- 
veolar end of the guard; and 

(4) Even, gradual tapering of the guard 
from the alveolar end to the apical quarter 
in ventral aspect. There is little doubt about 
the specific independence of these two forms. 

Actinocamax verus Miller, 1826 and its 
varieties are all granulated throughout or 
almost throughout; their granules form, 
however, patterns of corrugated, transverse 
lines unlike the granules of A. sternbergi. All 
these forms are, furthermore, so unlike the 
Kansas species in their markedly fusiform 
shape, mostly strongly protruding alveolar 
end, small size and greater stoutness that 
even their closer affinity with A. sternbergi 
appears improbable, not to mention the 
specific identity. 

Actinocamax padebornensis Schliiter, 1894 
is similar to A. sternbergi in being granu- 
lated, large and relatively stout. This form 
was not figured, however, and is based on 
a single fragment of the guard. No detailed 
comparison with .1. sternbergi is, therefore, 
possible at present. 

Actinocamax depressus Andree var. ornata 
Moberg (1885) is the only granulated repre- 
sentative of the Eurasian group of species 
typified by .1. mammillatus Nilsson. It dif- 
fers strongly, however, from A. sternbergi 
in the depressed pseudoalveolus, strongly 
fusiform shape of the guard in ventral as 
well as in lateral aspects, much stronger 
dorso-ventral flattening and the distinctly 
triangular shape of pseudoalveolus. There 
is little doubt about the specific independ- 
ence of these two forms. Other representa 
tives of the Actinocamax mammillatus spe- 
cies group differ sharply from A. sternbergi 
already in the total lack of granulation. 
They also differ from it in the same morpho- 
logical features as A. depressus var. ornata 
Moberg. 

All other Eurasian Actinocamas species, 
such as 1. primus Arkhangelsky, .1. plenus 
Blainville, A. strehlensis Fritsch and 
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Schloenbath emend. Stolley, 4. intermedius 
Arkhangelsky s. str. (?=A._ strehlensis 
Fritsch and Schloenbach emend. Stolley) 
and A. lundgreni Stolley, completely lack 
granulation; they also differ from A. stern- 
bergt in their much more narrow and 
rounded double dorso-lateral furrows and in 
many other morphological features. It is 
not possible to confuse any of these species 
with .1. sternbergi and they shall not be 
further discussed here. 

Locality, Stratigraphic Horizon and Age. 
According to Mr. George F. Sternberg (writ 
ten communication of November 6th, 1957), 
the only known specimen of A. sternbergi 
(No. 7936-1) was collected from the: ‘‘Nio 
brara Cretaceous chalk, Gove or Logan Co., 
Kansas. Exact locality not known. Found by 
George F. Sternberg, exact year not known.” 
Miller (1957, p. 911-12) has accepted the 
above stratigraphic horizon of this speci- 
men; he has also found it impossible to sug- 
est for it a more precise location within 
the Niobrara formation. 

Some white, chalky matrix was originally 
present on the alveolar end of the specimen 
and within the small hole on its 
top; it was scraped off by the writer during 
the preparation of the specimen. The pres- 
ence of the chalky matrix agrees with the 
Niobrara origin of the here discussed speci 


conical 


men; it does not, however, prove it by it- 
self. As mentioned by Mr. Myrl V. Walker 
(see above), similar chalky beds also occur 
in the Fairport chalky shale of the Carlile 
formation. 

Accepting the Niobrara origin of the here 
discussed specimen of 1. 
can range from the latest Turonian to early 
Campanian (Jeletzky, 1955, p. 882-883). 
It is to be hoped that additional specimens 
of this interesting form will be found, which 
will clarify the position of beds with 1. 
sternbergi within the Niobrara formation 
and their age. 

As already mentioned, the only known 
guard of the closely allied form—A. aff. 
groenlandicus Birkelund—was found in the 
upper Campanian basal conglomerate; it 
was apparently redeposited from the older 
Upper Cretaceous rocks and 
therefore, help to pin down the age of 1. 
sternbergi. Another West Greenland form 
1. groenlandicus Birkelund 


sternbergi, its age 
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the same species group with .1. sternbergi, 
is more advanced morphologically than the 
Kansas species. This form was found in beds 
containing Jnoceramus aft. lundbreckensis 
McLearn. Scaphites of the S. ventricosus 
species group closely allied to Scaphites 
saxttonianus McLearn furthermore, 
found closely above the beds with A. groen- 
landicus (Birkelund, 1956, p. 5-6), which 
are, therefore, of the early Santonian age 
Jeletzky, 1960). This suggests that the less 


were, 


advanced 1. sternbergi is probably of the 
late Coniacian or earliest Santonian age. 
Origin of Name.—This interesting form 
named in honour of Mr. George F. 
Sternberg, Curator of the Museum of Fort 
Hays Kansas State College, Hays, Kansas, 
who collected the holotype of the species 
and kindly lent it to the writer for study. 


Was 


ACTINOCAMAX WALKERI Nn. sp. 
Pl. 72, Figs. 3A-3D,4A-4C, Text-fig. 3 


Diagnosis.—Guard medium-sized, short 
and fairly stout, weakly lanceolate or sub- 
cylindrical in ventral aspect and weakly 
tapering to almost imperceptibly lanceolate 
in lateral aspect; apical end long, acute and 
slightly mucronated; dorso-ventral apical 
angle varies from 21° to 32°; lateral com- 
the anterior 

decreasing 


pression persists throughout 


half of the guard, gradually 
apicad from the markedly laterally com- 
pressed alveolar end; posterior half of the 
guard is only slightly dorso-ventrally com- 
pressed; ventral the guard only 
slightly flattened in the posterior half; sur- 
face of the guard virtually smooth, with 
only a few 
short single lateral furrows, fine, closely 
spaced double dorso-lateral furrows, and 
longitudinal, dorso-lateral depressions are 
all barely perceptible; alveolar end trun 
cated with the surface level or only slightly 
depressed; a small, rounded, steeply conical 
hole with the protoconch at the bottom 
occurs in the middle of truncated alveolar 
end; 0.5 mm. thick conotheca covers the 
walls of this hole; surface of conotheca 
covered by low, small, irregularly shaped 
tubercles; ventral furrow short (3.5—-4.0 
mm.), it begins 1.5 to 2.0 mm. above proto 


side of 


slight striae here and there; 


conch, 
Type Specimen._-The guard reproduced 


on pl. 72, figs. 3A-3D is herewith selected 
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as holotype of Actinocamax walkeri nov. sp.; 
it is preserved in collections of the Fort 
Hays State College, Hays, Kansas, Cat. No. 
7936-3. 

Description.— The following description is 
based on the study of only two complete 
guards, one of which is presumed to be 
full-grown; critical dimensions and ratios of 
these specimens are given in Table 1. 

The adult guard is medium-sized for the 
genus, short and fairly sturdy. The elonga- 
tion ratio varies from 6.1 to 7.0; the larger 
and presumably adult guard being sturdier 
than the smaller and presumably half grown 
one. 

In ventral (and dorsal) aspect the shape 
of the guard varies from almost subcylin- 
drical (larger guard) to slightly lanceolate 
(smalier guard). The maximum lateral 
diameter is situated either slightly below (in 
larger guard) or slightly above (in smaller 
guard) the middle of the guard. From the 
level of its maximum lateral diameter the 
larger guard is almost subcylindrical (with 
only the faintest gradual tapering) all the 
the alveolar end in ventral 
aspect; apicad from the level the 
tapering of the guard increases progres- 
sively until it reaches the maximum value of 
30° to 31° some 15 mm. above the apex; 
this results in the noticeably convex shape of 
the apical half of the guard in ventral (and 
dorsal) aspect; the long and acute apex ends 
in a slightly separated mucro. 

The smaller guard tapers somewhat more 
clearly and almost evenly all the way orad 
from the level of maximum diameter to the 
alveolar end in ventral (dorsal) aspect; 
apicad from the same level it tapers essen- 
tially as the larger guard, except where 
squashed laterally near the apex. 

In lateral aspect the shape of the guard 
varies from the shape weakly and evenly 
tapering apicad in larger guard (except for 
the irregularly collapsed uppermost 8 mm. 
of the ventral side; see below) to the almost 
imperceptibly lanceolate shape in smaller 
guard. The maximum dorso-ventral diam- 
eter is situated well within the anterior 
third of the guard; in the larger guard it 
lies only some 8 mm. below the alveolar end 
(probably was situated originally at the very 
alveolar end, the latter having been obvi- 
ously subsequently deformed; see below) and 
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in the smaller guard it lies only some 18 
mm. below the alveolar end. In lateral as- 
pect the larger guard tapers slightly and 
evenly apicad from the alveolar end (except 
for the caved in section on the ventral side 
immed. below the alveolar rim) to the level 
about 25 mm. above the apical end; further 
apicad the tapering increases gradually to 
the base of the mucro, which results in the 
somewhat convex lateral profile of the guard 
within this interval; the apical end is long 
and acute with the dorso-ventral apical 
angle of 31-32°; it is slightly displaced to- 
ward the dorsal side of the guard; in the 
larger guard the slightly separated, 1.5 mm. 
long mucro is less apparent in lateral aspect; 
the smaller guard has about the same lateral 
outline as the larger one but with the apical 
dorso-ventral angle of 21—22°; the apical end 
of this guard is, however, laterally squashed 
for the distance of about 3 mm. above the 
tip (pl. 72, figs. 4A,4B), which may have 
slightly decreased the dorso-ventral apical 
angle. 

The alveolar end of the guard is markedly 
compressed laterally. The lateral compres- 
sion persists more than halfway apicad, 
gradually decreasing in this direction. In the 
larger guard it only disappears at the level 
of the maximum lateral diameter where the 
dorso-ventral diameter (11.7 mm.) becomes 
about equal to the lateral diameter (11.8 
mm.). In the smaller guard the lateral com- 
pression disappears some 30 mm. above the 
apical end where the dorso-ventral diameter 
(8.3 mm.) about equals the lateral diameter 
(8.4 mm.). Further apicad both guards are 
only slightly dorso-ventrally compressed to 
their apical ends. Only the ventral sides of 
both guards are slightly flattened through- 
out their posterior regions; their dorsal sides 
remain, on the contrary, almost perfectly 
rounded throughout (Text-fig. 3). 

The surface of both guards is almost 
perfectly smooth. The smaller guard shows 
only one or two barely perceptible longi- 
tudinal, short striae near the alveolar end, 
and the larger guard, the surface of which 
is less satisfactorily preserved, shows a few 
such striae and at least one faint vascular 
imprint; the latter runs obliquely apicad and 
toward the dorsal surface of the guard from 
the more dorsal of the ¢ ble dorso-lateral 
furrows within the apical third of the guard, 


forming an angle of less than 30° with that 
latter. 

Faint single lateral furrows are visible 
under favourable light conditions on both 
flanks of the smaller guard; they appear 
about 16 mm. below the alveolar end of the 
guard close to the ventral side; therefrom 
these furrows run slightly obliquely for 
10-11 mm. orad gradually approaching the 
middle of the guard's flanks; they end below 
the squashed alveolar end of the guard. The 
apparent absence of single lateral furrows 
on the larger guard is probably due to the 
strong corrosion of the corresponding parts 
of its flanks. 

The double dorso-lateral furrows are very 
faint to barely perceptible (pl. 72, fig. 4B) 
on the upper part of the posterior half of 
the smaller specimen; they are not visible 
at all closer to the apex; these furrows run 
strictly longitudinally and straight, are 
about 0.4 mm. wide, and are separated from 
each other by some 0.8 mm. wide, slightly 
elevated interspaces. The flanks of the larger 
guard are mostly too strongly corroded to 
observe its double, dorso-lateral furrows. 

The dorso-lateral, longitudinal depres- 
sions begin at about the middle of both 
guards and continue orad to their alveolar 
ends; they are barely perceptible through- 
out this interval (pl. 72, figs. 3B,4B). On 
the smaller specimen the double dorso- 
lateral furrows distinctly bend toward the 
dorsal side of the guard at the place of first 
appearance of the longitudinal depressions. 
These longitudinal depressions do not seem 
to exceed 2 mm. in width at the place of 
their first appearance; they gradually widen 
further orad, mainly at the expense of the 
convergence of their dorsal margins in this 
direction, to some 3.0-3.5 mm. just below 
the squashed alveolar end of the guard. 
The dorsal margins are slightly edged; 
shallow and gently rounded, furrows, about 
0.75 mm. wide, run just inside of them; 
these furrows represent the direct continua- 
tions of the more dorsal of the above de- 
scribed double dorso-lateral furrows. Barely 
perceptible, slightly raised, 1.5 to 2.0 mm. 
wide longitudinal elevations occur in the 
middle of the longitudinal depressions; only 
faint traces of furrows occur between these 
elevations and the ventral margins of the 
longitudinal depressions; these latter fur- 


q 

522 

: 

4 
| 

: 

3 

: 

| 
7 

: 
4 

25 


ACTINOCAMAX 


the extensions of more 
ventral of the above discussed double dorso- 
lateral furrows but it was impossible to ob- 
serve the connection between both on either 
of the guard’s sides. 

Only the left dorso-lateral longitudinal 
depression is preserved on the larger guard 
(pl. 72, figs. 3B,3C); it is similar to the above 
described longitudinal depressions of the 
smaller guard in every respect. 

The so called dorsal field of the guard 
(pl. 72, fig. 3B) is defined on the anterior 
three-quarters of the length of both guards; 
it is distinctly limited over their anterior 
half where it is bordered by the dorso-lateral 


rows seem to be 


longitudinal depressions. From the adapica! 
point of appearance the dorsal field 
widens slightly and gradually until it 
reaches the apical end of the longitudinal 
depressions; therefrom it narrows gradually 
and almost evenly all the way to the guard's 
alveolar end. As the dorsal field 
narrower orad, it becomes somewhat more 


its 


becomes 


elevated. In larger guard the dorsal field be- 
comes progressively higher arched orad and 
is rounded throughout; in the smaller 
guard, however, it is somewhat flattened 
throughout its length. 

In the larger guard the alveolar end is 
very irregularly truncated with several ir- 
regularly shaped mounds and depressions 
interrupting its strongly dorsally slanted 
(about 40°) surface (pl. 72, figs. 3A-3D). 
The truncated surface mostly exposes the 
concentric growth-layers of the guard. Their 
weathering habit is, however, peculiar as the 
characteristic alternation of and 
depressed rings of these growth layers is but 
imperfectly developed in the guard here 
discussed; nor is the characteristic pattern of 
the radial ridges and depressions crossing 


elevated 


the rings of exposed growth-layers developed 
with the usual strength and regularity (pl. 
72, fig. 3D). 

The cross-section of the alveolar end is 


somewhat irregularly egg-shaped in the 
larger guard, its maximum lateral diameter 
being situated closer to the ventral side of 
the guard. The alveolar end is markedly 
compressed laterally, the dorso-ventral 
diameter exceeding its maximum lateral 
diameter (pl. 72, fig. 3D). 

A small, rounded, steeply conical hole 
about 2.5 mm. deep and 2 mm, wide occurs 
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in the center of the truncated alveolar end 
of the larger guard; an ill-defined protoconch 
still filled out with matrix can be discerned 
at its bottom, it is about 0.70 mm. wide and 
apparently rounded in cross-section. The 
walls of this hollow are covered by a 0.5 
mm. thick conotheca, the surface of which 
is mostly covered by low, irregularly shaped 
tubercles 0.6-0.7 mm. in diameter; several 
of these tubercles occur on the left-ventral 
side of the central hole and are somewhat 
indistinctly visible on its right side in pl. 
72, fig. 3B. The central hole is, thus, cer- 
tainly not a pseudoalveolus but the remain- 
der of the lowermost part of original alveo- 
lus. 

A somewhat irregularly shaped, partly 
gaping and obviously strongly etched out 
fissure crosses the ventral part of the surface 
of the alveolar end (pl. 72, fig. 3D); it begins 
inside of the above discussed central hole 
1.5-2.0 (estimated) mm. above the 
protoconch; the bottom of this fissure 
plunges gradually apicad as it approaches 
the ventral rim of the alveolar end; it ap- 
pears to be more or less straight and forms 
an estimated angle of 100°-110° with the 
orad continuation of the guard's longitudinal 
axis. The fissure is about 4.0 mm. long on 
the ventral side of the guard below the 
alveolar rim and is about 1.5 mm. wide near 
the lower end; therefrom it widens irregu- 
larly orad (pl. 72, fig. 3A). This gaping of 
the ventral fissure is obviously caused by the 
subsequent weathering of its walls. A 2.0 
2.5 mm. long, weak and shallow furrow oc- 
curs just below the gaping fissure on the 
ventral side of the guard; it weakens fast 
apicad and then disappears entirely. As with 
other Actinocamax forms (Jeletzky, 1950, 
p. 7-8; this paper, see above), it is not clear 
whether the gaping ventral fissure repre- 
sents the secondary deepening and broaden- 
ing of the original ventral fissure, ‘‘splitting 
surface,”’ or both. 

The guard’s ventral surface is markedly 
collapsed and twisted around the ventral 
fissure and furrow (pl. 72, fig. 3C,3D), which 
results in the noticeable asymmetry of the 
cross-section of the alveolar end of the 
guard. Another marked deformation occurs 
on the alveolar edge of the left flank of the 
guard where the normally coloured and 
smooth surface layer of the same is sharply 
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bent over the outer part of the surface of 
the truncated alveolar end and covers the 
edges of the growth-layers of the guard (pl. 
72, fig. 3C,3D) over a space 3X5 mm.?. This 
interesting deformation could apparently 
only arise after the burial of the guard when 
the weight of sediment has squeezed out the 
plastic substance of the uppermost parts of 
the inner (uncalcified?) layers of the guard 
adjoining its harder (calcified?) outer layer 
and caused the latter to bend over and to 
come to rest directly upon the edges of the 
harder (calcified?) lower parts of the same 
inner layers of the guard. It is easy to see 
that the above observations give additional 
support to the old idea of the partly or 
wholly noncalcified (cartillaginous) nature 
of smaller or larger portions of the alveolar 
ends of .lctinocamax guards (Jeletzky, 1946, 
p. 98-100; 1948). 

It should also be noted that the guard’s 
matter has a somewhat abnormal texture 
for some distance around the ventral fissure; 
in this area it is whitish-grey coloured (in- 
stead of normal brownish-grey colour) and 
somewhat spongy in texture; furthermore, 
the growth-layers of the guard and their 
visible 


calcitic prisms, which are clearly 
elsewhere on the alveolar end’s surface, do 
not persist across the above mentioned area 


(pl. 72, fig. 3D). Another area of the same 
texture occurs in the deep, dorsally situated 
depression of the alveolar end (pl. 72, figs. 
3B,3D). This abnormal texture of the 
guard’s matter apparently reflects its origi- 
nal imperfect calcification especially as the 
marked collapse and twisting of the guard’s 
surface occur in proximity of the area of 
abnormally textured guard's matter. Also 
the pronounced exfoliation of the guard’s 
matter around the ventral fissure and in the 
dorsally situated depression of the alveolar 
end can be explained by the imperfect calci- 
fication of these sections of the guard. 

In smaller guard of A. walkeri the surface 
of the truncated alveolar end is essentially 
level with the outer edges of the same; only 
the dorsal third of this surface is somewhat 
slanted (pl. 72, fig. 4B). The original cross- 
section of the alveolar end was probably 
similar to that of the above described larger 
guard; it is, however, squashed in exactly 
the same direction as its apical end (pl. 72, 
figs. 4A,4B); both deformations must have 
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resulted from the pressure of sediment upon 
the imperfectly calcified, more or less plastic 
parts of the buried guard, as was the case 
with the deformed alveolar end of the larger 
guard. The cross-section of the alveolar end 
of the smaller guard now has the shape of a 
very elongated ellipse, the longer axis of 
which runs in dorso-ventral direction; the 
dorsal side of the ellipse is cracked and angu- 
larly shaped (pl. 72, fig. 4C). The ellipsoid- 
ally deformed shape of the alveolar end is 
further complicated by several other longi 
tudinal and transverse cracks and 
longitudinal wrinkles (pl. 72, figs. 4A,4B). 
The surface of the alveolar end exhibits two 
elevated rings of growth-layers separated 
by a deep circular hollow from 0.3 to 
1.1 mm. wide (pl. 72, fig. 4C); this hollow 
is locally filled out by the white chalky 
matrix with remnants of spongy-textured 
guard's substance such as was described in 
the larger guard; see above); it can be as 


some 


sumed that this circular space was originally 
much wider and that the plastic, incom 
pletely calcified substance, which filled it 
out, was subsequently largely squeezed out 
during the guard's deformation. 

A small, fissure-like elongated hollow, 2.5 
to 3.0 mm. or more in depth, occurs in the 
middle of the truncated alveolar end of the 
smaller guard; it is so strongly laterally 
deformed that neither the position of the 
protoconch nor the details of the sculpture 
of the walls of the hollow could be observed. 
A very thin fissure crosses the ventral sur 
face of the alveolar end; it begins inside of 
the above discussed central hole but it is 
impossible to estimate the distance between 
the protoconch and the beginning of the 
fissure, except that it could hardly exceed 
2.5 to 3.0 mm. The course of the bottom of 
the fissure appears to be the same as in the 
larger guard. The ventral fissure on the 
ventral side of the guard, which is connected 
with the one running across the surface of 
alveolar end, is about 3.5 mm. long; the 
walls of the remain in contact 
throughout. This, the perfect preservation of 
these walls, and the perfectly normal ap- 
pearance of the guard’s substance all around 
the ventral fissure indicate that the latter 
has essentially retained its original dimen 
sions and character and is a real ventral 
fissure rather than a secondarily etched out 
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“splitting surface’’ or ventral furrow. No 
shallow ventral furrow, like the one occurring 
in larger guard, could be observed in the 
guard here discussed. 


Ontogenetic Development.—The character 


of ontogenetic development could not be 
studied in either of the two specimens avail- 


able. The comparison of the shape and pro- 
portions of these two specimens indicates, 
however, that the half grown guards of A. 
walkeri differ from the adult guards only in 
their somewhat more slender and slightly 
more lanceolate outline. 

Affinities and Differences.—Actinocamax 
(Whiteaves, 1889) s. lato is 
obviously the closest known North Ameri 
can ally of Actinocamax walkeri; it agrees 
with this latter in such essential taxonomical 


manttobensts 


features as the absence of granulation, ap 
pearance of the alveolar end (in 1. m. var 
trehernensis, spicularis, & kan 
sanus), value of Schatsky’s index (in .1. m. 
var. spicularis), weakly mucronated appear- 
ance of the apical end, general shape of the 
guard (especially in A. m. 


Var. Var. 


var. /awrencit), 
shortness and gaping appearance of ventral 
fissure, and in presence of tubercles and 
conotheca in the central hole of the apical 
end (in A. m. var. lawrencit). It differs, how- 
ever, from all known varieties of A. mantto- 
bensis in: 
(1) 

guard; 


Considerably shorter sturdier 

(2) Almost total absence of longitudinal 
striae and extreme weakness of single lateral 
furrows, double dorso-lateral furrows, and 
longitudinal depressions; 

(3) Predominance of lateral compression 
throughout the anterior half of the guard; 

(4) Extreme dorso-ventral 
compression and flattening over the pos- 
terior half of the guard; 

(5) Peculiar deformations of the apical 
and alveolar ends of the guard, which are 
completely unknown in A. manitobensts. 

The sum total of these distinctions indi- 
cates in the writer's opinion, that .1. walkeri 
is not conspecific with A. manitobensis. The 
distinctions of both species are well illus- 
trated by the comparison of the figured spe- 
cimens of A. walkert with representatives of 
A, manitobensis f. typ. and A. 
var. kansanus described and figured in this 
paper. 
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From Actinocamax sternbergi our species 
differs sharply already in the complete 
absence of granulation and in the quite 
different character of its double dorso-lateral 
furrows. Considering these and several other 
less important morphological differences, 
these two species can hardly be closely 
allied, let alone conspecific. 

The extremely variable A. westfalicus 
(Schliiter) is, perhaps, the closest ally of A. 
walkeri among the European \ctinocamax 
forms. Asarule, -1. weslfalicus differs clearly 
from A. walkert in the following features: 

(1) Shorter and sturdier guard; 

(2) More or less depressed alveolar end; 

(3) Somewhat greater dorso-ventral flat- 
tening; 

(4) More obtuse, shorter and more dis- 
tinctly mucronated apical end of the guard; 

(5) Consistently smaller size; 

(6) Moderate to very strong development 
of single lateral furrows, double dorso-lateral 
furrows, longitudinal striae, and vascular 
imprints. Granulation is also often present in 
more advanced representatives of the species; 

(7) Absence of conotheca and tubercles in 
the pseudoalveolus. 

Some extreme representatives of A. 
falicus, such as the most primitive represent- 
atives of the species figured by Schliiter 
(1876, pl. 53, figs. 17,18) from Bornholm 
Island, are indistinguishable from A. wal- 
kert, as far as features (1) to (4) are con- 
cerned. Even they are, however, markedly 
sculptured and considerably smaller than 
the Kansas form in addition to lacking 
conotheca and tubercles in the central hole 
of the alveolar end of their guards. There is, 
therefore, little doubt that 4. westfalicus is 
specifically distinct from 1. walkert. It is not 
clear whether the far reaching similarity of 
some representatives of A. westfalicus to 
A. walkeri is in the nature of homoeomorphy 
or indicates the close affinity of the two 
species. Considering that the morphologi- 
cally most primitive representatives of 1. 
westfalicus appear to be its oldest forms, 
which give rise to the more advanced forms 
of A. westfalicus (Stolley, 1897, p. 276-277), 
it appears possible that A. westfalicus is a 
descendent of A. walkeri. More data on the 
morphology and age of the latter species is 
needed, however, to clarify its relationships 
with A. westfalicus. 


west- 
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Actinocamax strehlensis Fritsch and Schlo- 
enbach s. str. and A. intermedius Arkhan- 
gelsky s. str. (probably synonymous with 
the first species) differ from A. walkeri in: 

(1) More or less depressed character of 
their alveolar end; 

(2) More pronouncedly lanceolate guard; 

(3) Shorter and more obtuse apical end of 
the guard; 

(4) More extensive and stronger dorso- 
ventral compression and flattening of the 
guard; 

(5) Absence of conotheca and tubercles in 
the pseudoal veolus. 

Actinocamax intermedius is, furthermore, 
rather strongly sculptured. The guard of this 
species is covered with numerous longitudi- 
nal striae; it also has well developed single 
lateral furrows, double dorso-lateral furrows, 
dorso-lateral longitudinal depressions, and 
even a few vascular imprints (Arkhangelsky, 
1912, p. 582). All these taxonomically 
important distinctions make it obvious that 
the above mentioned Eurasian forms are 
specifically distinct from .1. walkeri. 

Actinocamax lundgreni Stolley (inclusive 
of A. bornholmensis Stolley) has a deeper 
strehlensis s. 
str. or A. intermedius s. str.; in addition it 
has a distinctly triangularly shaped alveolar 
end, fairly to strongly dorso-ventrally com- 
pressed and flattened guard, shorter, more 
obtuse and more distinctly mucronated 
apical end than A. walkeri. The majority of 
representatives of A. lundgreni are, finally, 
just as strongly sculptured as A. westfalicus 
(except for the granulation). There is, there- 
fore, little doubt that 4. lundgreni Stolley is 
specifically distinct from A. walkert. 

Locality, Stratigraphic Horizon, and Age. 

According to Mr. George F. Sternberg 
(written communication of November 6, 
1957) both specimens of Actinocamax walkert 
were collected from the: ‘‘Niobrara Cretace- 
ous chalk, Gove or Logan Co., Kansas. 
Exact locality not known. Found by George 
F. Sternberg, exact year not known.” 

Some white or orange-tinged, chalky 
matrix was originally present in the central 
holes and other depressions of alveolar ends 
of both specimens; it was removed by the 
writer during their preparation. The pres- 
ence of the chalky matrix agrees with the 
Niobrara erigin of A. walkeri, although it 


pseudoalveolus than either 1. 
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does not prove it by itself. Mr. Myrl V. 
Walker (see above) mentions, indeed, that 
similar chalky beds also occur in the Fair- 
port chalky shale of the Carlile formation. 

Accepting the Niobrara origin of both 
specimens of 1. walkeri, the age of the spe- 
cies can range from the latest Turonian to 
early Campanian (Jeletzky, 1955, p. 882 
883). The close affinity of 1. walkeri to A. 
manitobensis and A. westfalicus and the 
general evolutionary grade of the former 
species make it probable that 1. walkeri was 
collected in beds of the Coniacian age, that 
is in the Fort Hays member of the Niobrara 
formation. 

Origin of Name.—This interesting form 
was named in honour of Mr. Myrl V. Walker 
of Fort Hays State College, Hays, Kansas. 


ACTINOCAMAX sp. aff. A. LAEVIGATUS 
Arkhangelsky, 1912 
Text-figs. 4a—4d,5a—5d 

Material.—Twosmall, fragmentary guards 
of the collection cannot be compared with 
any of the hitherto described North Ameri- 
can Actinocamax forms but are morphologi 
cally similar to the little known -1ctinocamax 
laevigatus Arkh. from the Lower Campanian 
(zone of Pteria tenuicostata) of the European 
Russia. These Kansas guards are probably 
not conspecific with the Russian species and 
new; they are, however, inadequate as the 
basis of a new species and could, further 
more, be but juvenile representatives of one 
of the previously described North American 
Actinocamax species and varieties. 

Description.—Guard small, long, and 
slender; the assumed length of smaller speci- 
men #10368 is around 42 mm., of which only 
the anterior 32 
assumed length of the larger specimen #8126 
is about 53 mm., of which only the anterior 
38 mm. are preserved. 

In ventral and dorsal aspects the shape of 
the guard varies from almost subcylindrical 
(text-fig. 4b) to weakly lanceolate (text-figs. 
5a,5c); in lateral aspect it varies from regu- 
larly subcylindrical (text-figs. 4a,4c) to 
slightly lanceolate (text-fig. 5b). 

The maximum lateral diameter is situated 
within the estimated posterior half in both 
guards. From the level of their maximum 
lateral swelling both guards taper gradually 
and evenly all the way to the base of their 
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protruding alveolar ends; the tapering is, 
however, more pronounced in the guard 
#8126, which results in its much more nar- 
row cross-section at the base of the protrud- 
ing alveolar end (text-figs. 5a,5c}. In ventral 
and dorsal aspects both guards taper 
slightly apicad from the level of their maxi- 
mum swelling to their broken off apical ends; 
their shape below the posterior breaks is 
unknown. A reconstruction of the missing 
apical parts of both guards is, however, 
attempted in text-figs. 4,5. 

In lateral aspect the maximum diameter 
is situated within the posterior part of the 
guard in the specimen #8126; from this level 
this guard tapers gently and evenly, but less 
noticeably than in the ventral aspect, all the 
way to the base of its protruding alveolar 
end (text-fig. 5b). Apicad, the guard #8126 
tapers evenly but almost imperceptibly all 
the way from the level of its maximum 
swelling to the broken off apical end. The 
guard #10368, on the contrary, has its maxi- 
mum dorso-ventral diameter of 3.9 mm. 
only 10 mm. below the alveolar end; further 
apicad it tapers slightly but more or less 
evenly to the level some 9.0 mm. above the 
broken off apical end. Therefrom to the 
posterior fracture the tapering increases 
slightly and gradually, which results in the 
slightly convex outline of the guard through 
out this interval. 

Strong lateral compression persists through- 
out the estimated anterior half of both 
guards; it is accompanied by the distinct 
flattening of their lateral sides throughout 
most of this interval. In the larger specimen 
#8126 the lateral diameter at the base of its 
protruding high conical alveolar end is only 
2.7 mm. as compared with the dorso-ventral 
diameter of 3.7 mm.; in the smaller specimen 
#10368 the corresponding diameters are 3.3 
and 3.9 mm. The cross-section of both 
guards at that level is, therefore, egg- 
shaped; its dorsal side representing the 
pointed end of the egg and the ventral side 
its obtuse end. 

The lateral compression gradually de- 
creases apicad until both diameters become 
virtually equal about midway apicad in both 
guards. In larger specimen #8126 the lateral 
flattening disappears some 29 mm. below its 
alveolar end, at about the level of its maxi- 
mum swelling; there both diameters are 5.1 


FROM KANSAS 


mm. and the guard's cross-section is almost 
perfectly circular; in the smaller specimen 
#10368 the lateral flattening disappears 
about 22 mm. below its alveolar end where 
both diameters are 3.9 mm. and the cross- 
section is again almost perfectly circular. 
Further apicad the cross-section remains 
almost perfectly circular and the diameters 
almost to quite equal in both guards; the 
cross-sections of their broken off apical ends 
are shown in text-figs. 4d and 5d. There 
they show slight dorso-ventral compression 
(ratio lateral/dorso-ventral diameters is 
5.8.5.7 mm. in the larger guard and 3.2.3.1 
mm. in the smaller guard) and some flatten- 
ing of the ventral side in both guards. Both 
features can, however, be due to the corro- 
sion of the surface of the guards, which is 
present in both instances. 

The surface of both investigated guards is 
perfectly smooth, except for two or three 
short and weak longitudinal striae on the 
ventral surface of the smaller guard (#10368) 
closely below its protruding, cone-shaped 
alveolar end (text-fig. 4b). The striation 
could have been more extensive originally, 
however, as both guards appear to be some- 
what corroded over considerable parts of 
their surface. 

No traces of single lateral and double 
dorso-lateral furrows are perceptible on 
either of the guards. 

Dorso-lateral, single, longitudinal depres- 
sions occur over the anterior regions of both 
guards (text-figs. 4a,4c,5a); they are barely 
perceptible in favourable light, except closely 
below the base of the protruding alveolar 
end where their dorsal margins are some- 
what better defined and may be slightly 
incised. The ventral margins of the depres 
sions are barely perceptible even in favour- 
able light throughout and appear to be 
strictly longitudinal. No sculpture of any 
kind is discernible within the depressions, 
which are only 0.5—0.6 mm. wide at the apical 
end but widen to some 1.0 to 1.5 mm. just be- 
low the cone-shaped, protruding alveolar end. 

The dorsal margins of the longitudinal 
depressions gradually converge orad (text- 
figs. 4a,4c,5a). This results in the gradual 
but marked narrowing of the dorsal field of 
the guard toward its alveolar end accom- 
panied by the equally gradual but slight 
increase of its protrusion (text-fig. 5a). Be- 
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cause of this convergence, accompanied by 
the marked compression and flattening of 
the lateral sides of the guard throughout its 
alveolar region, the dorsal field of the guard 
becomes quite narrow and prominent in the 
proximity of its alveolar end. In the larger 
guard #8126 it is somewhat keel-shaped 
over the 8-9 mm. long interval adjoining its 
alveolar end; the same phenomenon is less 
apparent in the smaller guard #10368, where 
the dorsal field remains flat-topped through- 
out the alveolar region. 

The alveolar end of the guard strongly 
protrudes and forms a more or less regularly 
shaped cone. The shape and appearance of 
the alveolar end differs, however, somewhat 
in the two guards studied. In the smaller 
guard #10368 the cone is regularly shaped 
but somewhat asymmetrical in lateral 
aspect, its top being somewhat displaced 
toward the dorsal side of the guard (text- 
figs. 4a-4c). The cone is distinctly sepa- 
rated from the subparallel sides of the guard 
in both ventral and lateral aspects. The 
hitherto subparallel sides of the guard start 
to converge orad at about 35° in the lateral 
aspect at the base of the cone and maintain 
this angle to its top. In ventral and dorsal 
aspect the angle of the cone is only 22°-23°. 
The boundary between the postalveolar part 
of the guard and its protruding alveolar cone 


rises somewhat toward the dorsal side of the 
guard. The height of the protruding cone 
decreases accordingly from 5.5 mm. on its 
ventral side to some 4.5 mm. on its dorsal 
side (text-figs. 4a, 4c). 

The surface of the protruding cone is 
almost smooth in the guard #10368; the 
edges of the guard’s growth-layers exposed 
in it are mostly only visible as faint concen- 
tric striae without any relief. Only in two or 
three instances do they form faint concen- 
tric ridges, shown in somewhat accentuated 
form on text-figures 4a and 4c. No radial 
ridges and depressions are present on the 
protruding alveolar end of the specimen 
#10368. These features are in contrast with 
the normal appearance of the protruding 
alveolar end of the guard in Actinocamay. 

The protruding alveolar end of the guard 
#8126 is much less regularly conical in its 
shape than that of the guard #10368; it is, 
however, almost symmetrical in lateral 
aspect (text-fig. 5b). In the guard #8126 the 
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boundary between the postalveolar part of 
the guard and its protruding alveolar cone is 
rather irregular and much less distinct than 
in the guard 410368. The gradual and even 
orad tapering of the postalveolar part of the 
guard only somewhat at this 
boundary. This increase is slight in dorsal 
and ventral aspects (text-figs. 5a,5c); it is, 
however, fairly pronounced in lateral aspect 
(text-fig. 5b) where the angle of the cone 
reaches 25°-27°. 

On the right side of the guard (see text-fig. 


increases 


5c) the alveolar cone is only about 2 mm. 
high, the whitish-discoloured surface layer 
of the guard continuing unbroken to that 
level. On the left side of the guard, however, 
the cone is interrupted by several irregularly 
concentrical, narrow ridges of the growth- 
the guard; narrow depressed 
grooves of the same irregularly concentrical 
pattern separate the above ridges from each 
other. On ventral and dorsal sides of the 
guard the above narrow ridges and grooves 
rise steeply but irregularly; most of them 


layers of 


disappear, however, beneath the preserved 


tongue of the surface layer of the guard close 
to its previously described right side. 

A steeply and somewhat irregularly coni- 
cal hole, only 1 to 1.2 mm. wide and less than 
1 mm. deep occurs near the top of the pro 
truding alveolar cone; it probably represents 
the partly corroded protoconch. This hole is 
situated centrally in both guards studied; its 
position does not coincide, however, with the 
tops of their alveolar cones. In the guard 
#10368 the hole is displaced ventrally and 
slightly to the left of the top of the avleolar 
cone (text-figs. 4b,4c). In the guard 48126, 
however, it is on the left side of the alveolar 
cone (text-fig. 5b). No traces of the ven 
tral fissures or ventral furrows were observed 
on either of the two guards studied. 

Ontogenetic Development. 
of the ontogenetic development could not be 
studied in any of the two specimens avail 
able. Assuming that the smaller guard is the 
half grown representative of the same spe 


The character 


cies as the larger guard (48126), the guard's 
outline changes noticeably in the course of 
its ontogeny from virtually subcylindrical to 
weakly lanceolate in lateral ventral 
aspects. The guard also acquires a more 
narrow cross-section at the alveolar end, as 
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it grows. 
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Localities, Stratigraphic Horizon, and Age. 

The smaller specimen is known to be from 
the lower part of the Niobrara formation. 
Mr. Myrl V. Walker comments on it as 
follows (letter of January 24th, 1958) ‘‘Spec- 
imen #10368 was collected by one of my 
students this past fall when we were on a 
class field trip. I would estimate that it came 
from the Smoky Hill chalk not more than 
fifty (50) feet above the Fort Hays lime- 
stone.” 

The larger specimen #8126 was collected 
from the: “Niobrara Cretaceous chalk, Gove 
or Logan Co., Kansas. Exact locality not 
known. Picked up by George F. Sternberg, 
exact year not known.” It seems probable, 
however, that it comes from about the same 
level within the Niobrara formation as the 
specimen #10368. 

The occurrence of Uintacrinus near the 
base of the Smoky Hill chalk in the eastern 
Gove County and elsewhere (Miller, Jr., 
Sternberg, & Walker, 1957, p. 166) suggests 
that Actinocamax sp. aff. A. laevigatus occurs 
in rocks of the late Santonian age. This con- 
clusion is supported by the fact that one of 
its European allies—.A ctinocamax laevigatus 
Arkh.—was found in the rocks of the Lower 
Campanian age (see above), while the other 

Actinocamax quasiverus Naidin, 1953— 
was found in the Santonian (probably Upper 
Santonian) rocks of the Crimea. 

Other allied Actinocamax of the species 
group of A. Miller, 1826 are also 
largely restricted to the Santonian and 
Lower Campanian rocks. This, too, agrees 
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well with the above suggestion of the oc- 
currence of Actinocamax sp. aff. A. laevigatus 
Arkhangelsky in the upper Santonian rocks 
of Kansas. 

Affinities and Differences.—Actinocamax 
sp. aff. A. laevigatus Arkh. is a representa- 
tive of the specialized species group of Ac- 
tinocamax verus Miller. This species group is 
characterized by the small size of the guard 
combined with the presence of the high, 
conically shaped alveolar end of the same. 
Although characteristic of the majority of 
its representatives, neither the absence of 
single lateral furrows and of the ventral fur- 
row (or fissure) nor the presence of the pe 
culiar, transversely corrugated, fine granu- 
lation of the surface of the guard is charac- 
teristic of all representatives of this group. 
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Nor are these features restricted to this 
group alone. 

From its closest ally—Actinocamax laevi- 
gatus Arkhangelsky—our form differs in: 

(1) Much lower and asymmetrically pro- 
truding alveolar end of the guard; 

(2) Much longer and more slender guard; 

(3) Absence of the ventro-alveolar fur- 
row; and 

(4) Less regularly conical shape of the 
protruding alveolar end. 

in spite of the apparently complete like- 
ness in all other respects, the above men- 
tioned distinctions appear to be ample for 
the assumption of the specific independence 
of these two forms. 

From somewhat less similar Actinocamax 
quastverus Naidin, 1953 our form differs in: 

(1) Much longer and more slender guard; 

(2) Absence of numerous, fine, longitudi- 
nal striae and very fine granulation (near 
alveolar end) characteristic of A. quasiverus. 

(3) Somewhat less protruding alveolar 
end of the guard. 

From Actinocamax verus Miller, 1826 and 
its varieties our species differs in the same 
features as from A. laevigatus and A. quast- 
verus. All representatives of A. verus and its 
varieties are, besides, more or less distinctly 
granulated. 

Actinocamax sp. aff. A. laevigatus Arkh. 
cannot be contused with any other known 
Actinocamax species. 


ACTINOCAMAX sp. indet. A. (? aff. 
A. MANITOBENSIS Whiteaves, 1889) 
Text-figs. 6a—6c 


Description.—One, small, elongated and 
slender guard—No. -7936-4—is too imper- 
fectly preserved to be either referred to any 
of the here described Actinocamax forms or 
even be compared with any of them, espe- 
cially as the information available about its 
stratigraphical position and age is rather 
scanty. 

The guard is about 60 mm. long with a 
few millimeters of its apical end missing; it is 
elongated and slender, duplicating in this 
respect the corresponding ontogenetic stages 
of the adult guard of Actinocamax manito- 
bensis (Whiteaves, 1889) reproduced by 
Jeletzky (1950, p. 8, text-fig. 1). It is, how- 
ever, much more slender than the similarly 
long, juvenile guard of the same species 
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reproduced by Jeletzky (1950, pl. 1, fig. 
la,1b). 

The guard is only slightly lanceolate in 
lateral aspect and weakly lanceolate in 
ventral aspect; its maximum dorso-ventral 
diameter of about 5.4 mm. is situated about 
23 mm. above its broken off apical end; the 
maximum lateral diameter of 5.9 mm. is 
situated at about the same level; the surface 
of the guard is, however, so strongly cor- 
roded in its upper two-thirds that the origi- 
nal values and positions of both maximum 
diameters could easily have been different 
from the above cited. 

The apical end is very acute, the dorso- 
ventral apical angle being about 16°; its 
broken off tip is 3.5 mm. in its largest diame- 
ter. The tip is, however, strongly deformed 
in dorso-ventral diameter so as to indicate 
that it was still capable of plastic deforma- 
tion under the pressure of sediments after 
the burial of the guard. These deformations 
were already discussed in detail on connec- 
tion with the discussion of other Kansas 
Actinocamax. 

The guard is markedly compressed dorso- 
ventrally in its best preserved posterior 
third (d/v. diam. 5.2 mm. vs lat. diam. 5.8 
mm. at the level of 14 mm. above the apex) 
and its ventral and dorsal sides are markedly 
flattened throughout this interval. The 
upper two-thirds of the guard are so strongly 
corroded as to make its original 
section unrecognizable. 

All traces of original sculpture of the 
surface, as well as those of single lateral and 
double dorso-lateral furrows and of the 
longitudinal depressions, are obliterated by 
the above mentioned corrosion. 

The alveolar end of the guard is squashed 
in the same fashion as is its apical end and 
generally speaking in the same direction; the 
cause is believed to be the same in both 
instances. A 3.3 mm. long and 0.7 mm. wide, 
shallow ventral furrow occurs below the 
jagged outer rim of the alveolar end. The 
surface of the alveolar end is slightly but 
quite irregularly depressed forming a pseu- 
doalveolus some 1.0 to 1.5 mm. deep; the 
protoconch is not preserved and it is prob- 
able that the pseudoalveolus reaches below 
its level. The concentric growth-layers of the 
guard and the transverse ridges are only 
very poorly developed. The deformation of 
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pseudoalveolus is accompanied by the for- 
mation of 1-3 mm. long longitudinal furrows 
and transverse tension cracks at its outer 
edges and for some 8 mm. apicad therefrom. 

Remarks.—The guard discussed above is 
very similar to the more slender types 
among the juvenile guards of A. manito- 
bensts (Whiteaves, 1889). This guard could, 
therefore be a juvenile guard of A. mantito- 
bensis; it is, however, also indistinguishable 
from the guards of A. primus var. elongata 
Arkh. This guard could, furthermore, 
equally well be a juvenile guard of some 
other -1clinocumax species, especially be 
cause it was probably collected in the Nio- 
brara formation and so probably is of the 
latest Turonian to early Campanian age. 
The specimen here discussed was, thereiore, 
left specifically unassi.zned. 

Locality, Stratigraphic Positio1, and Age. 
—According to its museum label, the speci- 
men here discussed was collected: ‘‘from the 
Niobrara Cretaceous chalk, Gove or Logan 
County, Kansas; exact locality not known. 
Found by George F. Sternberg, exact year 
not known.”’ Some white to yellowish-grey 
chalky matrix still adheres to the excavated 
fracture of its apical end and to its depressed 
which agrees with the 
origin of the Actinocamax sp. 


pseudoalveolus, 
Niobrara 
indet. A. here discussed. As mentioned by 


Mr. Myrl V. Walker, however (p. 513), 
similar chalky beds also occur in the Fair- 
port chalky shale of the Carlile formation. 

Accepting the Niobrara origin of the 
Actinocamax sp. indet. A, here discussed, its 
age could range from the latest Turonian to 
the early Campanian. 
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A NEW NAUTILOID, EUTREPHOCERAS EYERDAMI, NEW 
SPECIES FROM THE COWLITZ FORMATION, UPPER 
EOCENE, OF WASHINGTON 
KATHERINE V. W. PALMER 


Paleontological Research Institution 


ABSTkACT—Eutrephoceras eyerdami Palmer, n. sp., is described from the Cowlitz 
formation, upper Eocene of Washington. Although fragments of Eutrephoceras have 
been reported from the locality the present shell is the first to be preserved well 
enough for specific naming. The specimen was found by Walter J. Eyerdam at the 
type locality of the Cowlitz formation, on the Cowlitz River, near Vader, Lewis 


County, Washington. 


INTRODUCTION 


N NOVEMBER, 1959, Walter Eyerdam of 

Seattle, Washington, sent mea nautiloid 
specimen from the bank of the Cowlitz 
River, near Vader, Lewis County, Washing- 
ton, Cowlitz formation, upper Eocene. The 
fossil proved to be an Eutrephoceras. A\- 
though the find consists of a single incom- 
plete conch, it is well preserved. It was 
broken naturally so that the inner nature of 
several camerae, including the septa and 
two septal necks, were exposed. Because of 
the rarity of Eutrephoceras in the Tertiary on 
the West Coast, particularly Washington, 
the species is herein described. Search in the 
West Coast nautiloid literature revealed 
that Arnold and Hannibal (1913) found a 
specimen in the Cowlitz formation on the 
Cowlitz River and listed the form as Aturia 
mathewsoni Gabb. The fossil (S.U. 523) was 
illustrated by Schenck (1931). It was again 
figured by Miller (1947) and determined by 
him as Eutrephoceras. A second fragment 
(S.U. 7900) from the Stanford University 
collections was also included in Eutrepho- 
ceras and illustrated by Miller (1947). One 
cannot state that those fragments belong to 
the same species as Eyerdam’s shell. 

Eutrephoceras eyerdami was found in the 
bluff at the bend of the Cowlitz River about 
13 miles east of Vader (old Little Falls, 
Sopenah), Lewis County, Washington, 
which is the type locality of the Cowlitz 
formation (Weaver, 1912) of upper Eocene 
age. This is equivalent to localities 232, 233, 
and 327, Wash. Geol. Sur. (Weaver, 1916a, 
1916b, 1916c, 1937, 1942; Weaver and 
Palmer, 1922). The Cowlitz formation con- 


sists of a series of marine, brackish, and 
fresh-water sediments intercalated with 
volcanic rocks in the area of the Cowlitz 
River where the Olequah-Stillwater Creeks 
enter the Cowlitz near Vader. The formation 
extends north to south of Winlock, Lewis 
County. It is now believed to be more than 
8000 feet thick (Hendricksen, 1956). The 
portion at the Cowlitz bluff represents about 
200 feet (Weaver, 1937) of the formation. 

Although the fossils along the Olequah 
(Olequa) and Stillwater Creeks are abun- 
dant, well preserved, and include brackish, 
fresh-water, and marine forms, those at the 
type bluff on the Cowlitz represent a marine 
phase. There, a typical upper Eocene mol- 
luscan fauna has been known since Arnold 
and Hannibal’s (1913) early collecting. The 
locality has been the source of extensive 
collecting by geologists from Washington, 
California, and Oregon. The preservation of 
the fossils is as perfect as those of the Eocene 
of the Paris Basin or from the Gosport sand 
of the middle Eocene at the famous Clai- 
borne Bluff, Alabama. A complete bibliog- 
raphy of the literature on the locality, the 
Cowlitz formation, or the 
appropriate in this article. Suffice it to say 
that the works of Charles E. Weaver (1912, 
1916a,b,c, 1937, 1942) include the impor- 
tant geological papers on the area, as author 
of the formational name and as chief de 
scriber of the geology and fauna and illus- 
trator of the fossils. Of the 146 species of 
mollusks listed by Weaver (1942) from the 
Cowlitz formation 
included. Miller (1947) accounted for the 
two fragments of Eutrephoceras mentioned 
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herein from the Cowlitz. Those specimens 
were the individuals which Arnold and 
Hannibal (1913), Weaver (1916c), and 
Schenck (1931) listed as Aturia mathewsoni 
or Nautilus sp. The writer made extensive 
collections for the Washington State Geo- 
logical Survey in 1917 from the Cowlitz 
formation at the Cowlitz section of the type 
locality as well as on Olequah Creek and 
Stillwater Creek in the vicinity of Vader. 
Large collections had been made earlier by 
the Washington Geological Survey parties. 
Therefore, the report of only three speci- 
mens from the Cowlitz locality indicates the 
sporadic and fortuitous occurrence of the 
nautiloid. 


SYSTEMATIC DESCRIPTION 
Family NavuTILipaE d’Orbigny, 1840 
Genus EUTREPHOCERAS Hyatt, 1894 


Type species.—By original designation, 
Nautilus dekayi Morton (1834, pl. VIII, fig. 
4). [Navesink marl, Upper Cretaceous, New 
Jersey.} “‘Loc., Dakotah, Cretaceous’’- 
Hyatt. 

Range of genus.—Upper Jurassic—Mio- 
cene. World-wide. 

As has been pointed out by authors 
(Reeside, 1924; 1927; Miller & Thompson, 
1933; Miller, 1947), although Hyatt gave a 
specific type species designation with refer- 
ence to the New Jersey Cretaceous shell he 
mixed his description with the statement of 
locality, description, and figures of speci- 
mens of the form from the Cretaceous of 
“Dakotah” (Meek, 1876) (Montana and 
South Dakota). That species Hyatt identi- 
fied as £. dekayi (Morton) but it is now 
regarded as a distinct species (2. montanaen- 
sis Meek). Although the type species desig- 
nition is confused, the generic definition is 
not disrupted. 


EUTREPHOCERAS EYERDAMI Palmer, n. sp. 
Pl. 73, figs. 1-6 

Conch incomplete, subglobular in shape, 
surface smooth; a small portion of the outer 
lateral area of test preserved revealing 
growth lines with a slight sinus adapertu- 
rally; faint longitudinal striations are visible, 
sharper on the ventral margin. These are 
similar to those observed on the shell of 
living Nautilus; umbilicus fairly deep, outer- 
most margin about 10 mm. across, filled with 
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rock matrix; septa of phragmocone pre- 
served in part and two septal necks intact 
(see figs. 1,2,5); siphuncle situated slightly 
dorsad (fig. 2); sutures nearly straight, 
curving dorsad. 

Measurements: Greatest diameter, 75 
mm.; greatest width of phragmocone, 48+ 
mm.; width of umbilicus, about 10 mm.; 
length of preserved septal neck, 5+ mm., 
angle of inclination of septal neck about 30°. 

Eutrephoceras spp. in Miller (1947, p. 38, 
pl. 16, figs. 7,8; pl. 48, fig. 4) differ from EF. 
eyerdami in the greater breadth, although 
such a difference might be accounted for by 
sex. The siphuncle in the fragment (pl. 48, 
fig. 4) is more dorsad than on the present 
specimen. Miller considered that the two 
fragments were probably conspecific. They 
could well be. The genus is represented in 
the Eocene on the Pacific Coast of the 
United States: in California, by E. 7hallidayi 
(Waring) and £. stephensoni (Dickerson) 
from the Paleocene (Martinez), E. hannai 
Vokes from the La Jolla formation, middle 
Eocene, and E. marksi Miller, Tejon forma- 
tion, upper Eocene; in Oregon there are 
fragments from the upper Eocene or lower 
Oligocene and F. oregonense Miller from the 
Oligocene; in Washington, fragments and 
E. eyerdami from the Cowlitz formation, up- 
per Eocene. Of these species E. eyerdami 
bears the closest resemblance to E. marksi 
Miller from the Tejon of California. The 
holotype of that species is a larger shell than 
the present form. E. eyerdami is not so broad 
as i. hannai and has a wider umbilicus. 
Unfortunately the species are known by so 
few specimens that age and sexual variations 
cannot be determined. 

Occurrence.—At bend in Cowlitz River, 
15 miles east of Vader, Lewis County, 
Washington. Cowlitz formation, upper Eo- 
cene. Collected by Walter J. Eyerdam, 1956. 

Holotype.—No. 6066, Paleontological Re- 
search Institution. 

It is a pleasure to name this species for its 
discoverer, Walter J. Eyerdam, of Seattle, 
Washington. 
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P.R.1. 6066. 7, natural break showing camerae, 
3, exterior view coated with am- 


5, septal neck; 6, ventral 
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UPPER TRIASSIC MARINE MOLLUSKS FROM THE NATCHEZ 
PASS FORMATION IN NORTHWESTERN NEVADA! 


N. J. SILBERLING 
U. S. Geological Survey, Menlo Park, California 


a Diagnostic ammonites and other fossils indicate that much of the 

Natchez Pass formation in northwestern Nevada is of early Late Triassic (Karnian) 
age instead of Middle Triassic age as originally Sates. Trachyceras, sensu stricto, of 
early Karnian age occurs in the lower part of the Natchez Pass formation in the 
East Range and is tentatively identified from a corre esponding stratigraphic position 
in the Humboldt Range. The upper part of the formation in the northeastern foot- 
hills of the Humboldt Range has yielded a large upper Karnian fauna including 
Paratropites cf. P. sulcatus (Calcara), Spirogmoceras shastense (Smith), Pleuro- 
nautilus? alaskensis Kummel, and Septocardia? sp., which are described in this paper. 


INTRODUCTION in the Humboldt Range to the west, diag- 
nostic fossils have been found at several 
localities in the Natchez Pass formation and 
indicate that much of the formation is of 
early Late Triassic age. 


ipo Natchez Pass formation is domi- 
nantly a massive marine carbonate 
rock, is commonly somewhat deformed and 
sheared and identifiable fossils are scarce. 
Muller, Ferguson, and Roberts (1951; 
Ferguson, Muller, and Roberts, 1951) orig- OCCURRENCE AND AGE OF FAUNAS 
nally assigned the Natchez Pass formation Two ammonites referable to Trachvceras 
to the upper Middle Triassic because it over- (Tyachyceras) were collected from the 
lies the Prida formation containing a rich Natchez Pass formation at USGS loc. M777 
Anisian (lower Middle Triassic) ammonite (see locality list at end of paper) about three 
fauna, and it underlies the Grass Valley miles north of the type locality of the forma- 
formation which contains Upper Triassic tion on the east flank of the East Range 
brachiopod and pelecypod faunas. During — (text-fig. 1). Both specimens were found in 
more recent field study in the type area and faintly laminated dolomitic limestone about 
! Publication authorized by the Director, U.S, 400 feet above the base of the formation and 
Geological Survey about 100 feet stratigraphically below a 
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4—Septocardia? sp. All figures of latex casts, X2. 1, anterior view of incomplete specimen, 
USNM1 30863., 2, incomplete left valve, USNM 130864; 3, dorsal view of left valve, USNM 
130865; 4, interior of right valve, USNM 130866. 
11—-Paratropites cf. P. sulcatus (Calcara, 1845, of Gemmellaro, 1904). All figures of latex 
casts. 5,6, lateral and ventral views, USNM 130858, X1; 7,8, lateral and ventral views, 
USNM 130859, X1; 9, lateral view, USNM 130860, X1; 0, ventral view showing details 
of keel and ribbing, USNM 130861, 2; 1/, lateral view, USNM 130862, X1. 
12—Pleuronautilus? cf. P. alaskensis Kummel, 1953. Lateral view of latex cast, USN M 130857, 


13-15—Trachyceras (Trachyceras) sp. 13, ventral view of a weathered incomplete specimen, 
USNM 130853, 1; 14,15, lateral and ventral views of a secondarily deformed specimen, 
USNM 130854, 

16,17 Spirogmoceras shastense (Smith). Both figures of latex casts, X 1. 16, lateral view of speci- 
men with strigate ornamentation, USNM 130855; 1/7, lateral view of specimen showing 
transition from strigate to coarse radial ornamentation, USNM 130856. 
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basic volcanic breccia which is part of a 
volcanic unit that characterizes the middle 
part of the formation in this area (text-fig. 

Trachyceras, sensu stricto, is generally 
regarded as an index of the lower Karnian 
(lowest Upper Triassic). The two specimens 
described herein are secondarily deformed, 
but are closely similar to Trachyceras (Trach- 
yeeras) desatoyense Johnston which occurs 
with an ammonite fauna characteristic of 
the lower Karnian Trachyceras aon or T. 
aonoides zone in the New Range, 
Nevada (Johnston, 1941). 

Trachyceratid ammonites have also been 
found at a number of places in the lower part 
of the Natchez Pass formation in the Hum- 
boldt Range. Most of these fossils, however, 
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are too poorly preserved for positive sub- 
generic assignment to Protrachyceras or 
Trachyceras, or for use in discrimination of 
the Middle Triassic-Upper Triassic bound- 
ary. A single specimen, questionably re- 
ferred to the subgenus Trachyceras, was 
collected in association with abundant bone 
fragments from a thin limestone tongue 
between volcanic rocks at USGS loc. M657 
on the southeast slope of Buffalo Mountain 
at the south end of the Humboldt Range. 
Here, basic volcanic flows and breccias inter- 
tongue with the carbonate rocks of the lower 
part of the Natchez Pass and make up a 
much greater share of the section than they 
do farther north and east. Nevertheless, this 
locality roughly corresponds in stratigraphic 
position within the formation to that from 
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Generalized columnar sections showing the stratigraphic position of fossil collections 


made from the Natchez Pass formation in the East and Humboldt Ranges, Nevada. 
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which the specimens of Trachyceras were 
obtained in the East Range. 

The largest fauna thus far obtained from 
the Natchez Pass formation is from USGS 
loc. M265 in the upper part of the formation 
south of Mill City in the low hills that form 
the northeasternmost appendage of the 
Humboldt Range. These fossils occur as 
well-preserved molds in calcareous siltstone 
at the base of a siltstone, sandstone, and 
chert-pebble conglomerate unit in the in- 
verted limb of a large syncline, overturned 
to the northwest. This clastic unit is thought 
to be equivalent to that in the East Range 
section near the top of the Natchez Pass 
formation and several hundred feet above 
the occurrence of Trachyceras (fig. 2). The 
fauna from M265 comprises cephalopods, 
pelecypods, and brachiopods, among which 
the following forms have been recognized: 

*Paratropites cf. P. sulcatus (Caleara, 1845, of 

Gemmellaro, 1904) 

*Spirogmoceras shastense (Smith, 1904) 

Clydonitid? ammonite; one immature specimen 

*Pleuronautilus? cf. P. alaskensis Kummel, 

1953 

Proclydonautilus sp. 

*Septocardia? sp. 

Alectryonia sp. 

Placunopsis sp. 

Gervilleia sp. 

Cassianella sp. 

Pinna sp. 

Palaeoneilo sp. 

Pectinid pelecypod 

Spiriferoid brachiopods 


The four species marked with an asterisk are 
the most useful for dating this assemblage 
and are described below. 

Paratropites cf. P. sulcatus is perhaps the 
most abundant element in the fauna from 
M265. The genus Paratropites is representa- 
tive of the Tropites subbullatus zone of late 
Karnian age, though some species are known 
from older Karnian zones in the Alps (Moj- 
sisovics, 1893, p. 796). The species with 
which the Natchez Pass forms are compared 
is from the undifferentiated Upper Triassic 
of Sicily, and, unfortunately, neither it nor 
the associated forms have been recognized in 
the Alpine succession of zones. Spirogmo- 
ceras shastense is known from the so-called 
Hosselkus limestone in Shasta County, 
California, where it is associated with many 
species in common with, or closely related 
to, those of the Tropites subbullatus zone 
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(Smith, 1927). The nautiloids probably 
cannot be relied upon as having narrowly 
restricted stratigraphic ranges; however, 
Pleuronautilus alaskensis was described from 
the Chitistone limestone of Alaska (Kum 
mel, 1953, p. 36-37), from which a late 
Karnian fauna is known (Moffit, 1938, table 
facing p. 52). A number of fragmentary 
carditoid pelecypods assigned to Septo- 
cardia? are present, but the brachiopods and 
the various other pelecypods are represented 
by only one or two individuals. Although the 
application of the name Septocardia Hall and 
Whitfield is in doubt, pelecypods provision- 
ally assigned to this genus are known from 
several localities in the Upper Triassic of 
Nevada. Those most closely resembling the 
forms from the Natchez Pass formation are 
from the Pilot Mountains at the base of the 
upper limestone member of the Luning 
formation, considered middle or late Kar- 
nian in age by Muller and Ferguson (1939, p. 
1598). The pelecypods and brachiopods may 
not be indicative of a precise age, but they 
do not conflict with the late Karnian age as- 
signed this fauna on the basis of the cephalo- 
pods. 


SYSTEMATIC DESCRIPTIONS 
Order AMMONOIDEA 
Genus TRACHYCERAS Laube, 1869 
Subgenus TRACHYCERAS, sensu stricto 
TRACHYCERAS (TRACHYCERAS) sp. 
Pl. 74, figs. 13-15 


This subgenus is represented from the 
Natchez Pass formation of the East Range 
by two poorly preserved specimens that 
probably belong to the same species. The 
most complete specimen, though flattened 
and sheared ventro-dorsally, shows most of 
one side of the shell and about one-half 
volution of the venter. The other specimen is 
little more than a weathered cross-section, 
but a rim of silicified shell material projects 
above the matrix and shows some of the 
ornamentation. Both specimens show the 
row of double spines on each side of the 
ventral furrow that characterize the sub- 
genus Trachyceras. 

The original shape of the shell was dis- 
coidal and compressed with a fairly narrow 
umbilicus amounting to about one-fifth of 
the shell diameter. Ornamentation consists 
of closely-spaced, bifurcating, sinuous or 
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falcoid ribs, which extend from the umbili- 
cal shoulder to the median furrow on the 
venter, and which bear spines arranged in 
longitudinal spirals. Including the doubly- 
terminated spines bordering the ventral 
furrow, there are 10 rows of spines on either 
side of the whorl. 

The suture is not exposed, and owing to 
the nature of preservation, shell measure- 
ments are not meaningful. 

These specimens agree in general propor- 
tions, density of ribbing, and the number of 
spirals of spines with Trachyceras (Trachy- 
ceras) desatoyense Johnston from the Au- 
gusta Mountain formation of the New Pass 
Range, Nevada. Their preservation, how- 
ever, precludes positive specific identifica- 
tion. 

Figured specimens.—U. S. National Mu- 
seum 130853 and 130854. 

Occurrence.—U. S. Geol. Survey locality 
M777. Natchez Pass formation, East Range, 
Nevada. 


Genus SPIROGMOCERAS Silberling, 1956 
S PIROGMOCERAS SHASTENSE (Smith), 1904 
Pl. 74, figs. 16,17 
Trachyceras (Protrachyceras) shastense Smith, 

1904, p. 391, pl. 46, figs. 9, 9a, pl. 48, figs. 3,4. 

Smith, 1927, p. 81, pl. 5, figs. 1-19. 
Trachyceras (Protrachyceras) lecontei Hyatt and 

Smith, 1905, p. 194, pl. 44, figs. 1,2, pl. 45, figs. 

1-9, pl. 46, figs. 1-15. Smith, 1927, p. 78, pl. 6, 

fig. 1, pl. 44, figs. 1,2, pl. 45, figs. 1-9, pl. 46, 

figs. 1-15. 

Trachyceras (Protrachyceras) beckeri Smith, 1927, 

p. 79, pl. 4, figs. 1-8. 

Trachyceras ( Protrachyceras) californicum Smith, 

1927, p. 79, pl. 1, figs. 1,2, pl. 2, figs. 1-7. 
Trachyceras (Protrachyceras) lindgreni Smith, 

1927, p. 80, pl. 3, figs. 1-6. 

Trachyceras (Protrachyceras) madisonense Smith, 

1927, p. 80, pl. 6, figs. 2-14. 

Spirogmoceras shastense (Smith). Silberling, 1956, 

p. 1152. 

Three external molds of partially crushed 
individuals showing the distinctive orna- 
mentation of this species were found in the 
Natchez Pass formation in the northeastern 
hills of the Humboldt Range near Mill City. 

The original compressed discoidal shape 
has been somewhat accentuated by crush- 
ing. Nevertheless, the flanks of the whorls, 
which increase in height rapidly, were evi- 
dently broadly rounded and graded gently 
into the narrow, evenly-rounded venter. 
Owing to the preservation the relative width 
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of the umbilicus can only be estimated; it 
amounts to about one-fifth to one-fourth of 
the shell diameter. 

The ornamentation is characteristic of 
this species and shows the distinctive and 
variable transition from finely tuberculate 
strigae to coarse projected ribs with strong 
and irregular tuberculation. 

Typical specimens of this species, as ex- 
panded by Silberling (1956, p. 1148-1149), 
from Shasta County, California, have two 
different kinds of ornamentation according 
to their size and shell proportions. Com- 
pressed, relatively involute shells, like those 
included by Smith in Trachyceras (Pro- 
trachyceras) lecontei, have dominantly stri- 
gate ornamentation consisting of numerous 
spiral ridges of varying size which bear small 
tubercles corresponding in position to radial 
striae or fine ribs. More robust individuals, 
like Smith’s 7. (P.) beckeri, undergo an 
abrupt transition with increasing growth 
from this type of ornament to that consist- 
ing of coarse radial ribs, generally with some 
strigation and tuberculation on the venter 
bordering the narrow ventral furrow. The 
smaller of the two illustrated specimens from 
the Natchez Pass formation is a strigate 
variant; the larger specimen shows the 
transition to coarse radial ornamentation. 

Traces of septa preserved on two of the 
specimens show that the saddles are com- 
plexly subdivided, but the complete suture 
line is not preserved. The largest specimen 
(not illustrated) is a completely septate 
phragmocone exceeding 110 mm. in diame- 
ter. 

Figured specimens.—U. S. National Mu- 
seum 130855 and 130856. 

Occurrence —U. S. Geol. Survey locality 
M265. Natchez Pass formation, northeast- 
ern Humboldt Range, Nevada. 


Genus PARATROPITES Mojsisovics, 1893 
PARATROPITES sp. cf. P. SULCATUS 
(Calcara, 1845, of Gemmellaro, 1904) 

Pl. 74, figs. 5-11 
Eutomoceras sulcatum (Calc.). Gemmellaro, 1904, 

p. 80, pl. 8, figs. 1-4, pl. 19, fig. 14. 

This species is well represented by about 
20 specimens that show most of the shell 
characteristics and by a greater number of 
fragmentary specimens preserved as exter- 
nal molds. These were studied by means of 
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latex rubber casts, which show a remarkable 
amount of detail. 

Small individuals, less than about 40 mm. 
in diameter, are discoidal, but have moder- 
ately thick whorls equal to about one-half of 
their diameter. The greatest width is at the 
umbilical shoulder and the smoothly 
rounded flanks grade imperceptibly into the 
venter. With increasing size the shells be- 
come more compressed; on the largest 
uncrushed specimen the greatest whor! 
thickness is about 24 mm. which corresponds 
to a diameter of about 70 mm. The umbili- 
cus is narrow and deep with a relatively 
constant width amounting to about one- 
tenth of the diameter. 

Numerous narrow, flat ribs project for- 
ward and attain their greatest curvature as 
they approach the venter, on which they 
intersect the furrows bordering the ventral 
keel at an angle of about 30°. By repeated 
branching the ribs maintain a more or less 
constant density across the flanks as well as 
with increasing shell size. The average 
density is about 12 ribs/cm. measured along 
the spiral of coiling. The character of the 
flat, sharp cornered ribs, separated by rela- 
tively narrow interspaces, is the main reason 
for placing these forms in Paratropites. 
Owing to the forward curve of the flat ribs, 
their adoral edge is commonly slightly more 
elevated than the apicad edge, giving the 
ribbing a faint shingle-like aspect. The 
ventral keel is rounded, corresponds in width 
to one of the ribs, and does not project above 
the smooth curve of the venter. The narrow 
furrows bordering the keel are entirely 
within the shell material and are not im- 
pressed on the internal mold. The shell is 


devoid of tubercles or spiral striae. 
Septa, shown at the adoral end of some 


specimens, have three prominent lateral 
saddles with ammonitic digitation. 

These specimens from Nevada bear a 
strong resemblance to Paratropites sulcatus 
(Calcara) as illustrated by Gemmellaro 
(1904). They differ by having a slightly 
greater density of ribbing and by lacking the 
high, sharp ventral keel shown in some of 
Gemmellaro’s figures. No other related 
species has such closely-spaced ribs. Gem- 
mellaro assigned this species to Eutomoceras, 
a genus of Middle Triassic ceratites, as was 
customary until the genus Dziscotropites, 
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with Ammonites sandlingensis Hauer as type 
species, was established for discoidal tropi- 
tids by Hyatt and Smith (1905). The typical 
species of Discotropites has ribbing and 
spiral striae like that of Tyropites, sensu 
stricto. Discoidal forms like P. sulcatus, 
which show the Paratropites type of orna- 
mentation, have generally been included in 
Discotropites, but it seems preferable to view 
the compressed shape as of secondary 
importance and to assign these forms to 
Paratropites. 

Figured specimens.—U. S. National Mu- 
seum 130858, 130859, 130860, 130861, and 
130862. 

Occurrence.—U. S. Geol. Survey locality 
M265. Natchez Pass formation, northeast- 
ern Humboldt Range. 


Order NAUTILOIDEA 
Genus PLEURONAUTILUS Mojsisovics, 1882 
PLEURONAUTILUS? sp. cf. 
P. ALASKENSIS Kummel, 1953 
Pl. 74, fig. 12 
Pleuronautilus ( p.) [sic] alaskensis Kummel, 1953, 

p. 34, pl. 4, figs. 5,6. 

Two external molds showing the side of 
the shell and the umbilicus are comparable 
to the type specimen of this species. The 
Hanks are flat and are separated from the 
venter and from the steep, convex umbilical 
wall by abrupt, angular shoulders. Very 
little of the venter is preserved, but it was 
probably broadly arched. The whorls were 
thus quadrangular in cross-section, and, 
judging from the depth of the umbilicus, 
somewhat wider than high. 

Ornamentation consists of a prominent 
row of nodes along the  ventro-lateral 
shoulder and along the middle of the flanks, 
and a less conspicuous row of nodes on the 
umbilical shoulder. On early whorls the 
lateral and ventro-lateral nodes apparently 
coalesce to form two continuous ridges. 
Radial ribs are only faintly suggested by 
swellings connecting the lateral and ventro- 
lateral nodes. More nodes are present on the 
ventro-lateral shoulder than on the flanks; 
on the orad half of the outer whorl about 13 
ventro-lateral nodes correspond to about 8 
lateral nodes. The greatest diameter of the 
illustrated incomplete specimen, is about 48 
mm.; the corresponding width of the um- 
bilicus is about 20 mm. 
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Compared with the holotype from Alaska, 
the Nevada specimens have more angular 
umbilical and ventro-lateral shoulders, fewer 
but more prominent lateral and ventro- 
lateral nodes, and more distinct nodes on the 
umbilical shoulder. Most of these differences 
can be attributed to preservation of the 
Nevada specimens as_ external molds 
whereas the holotype is wholly an internal 
mold. The Nevada specimens differ from 
typical representatives of Pleuronautilus in 
having nodes as the dominant ornamenta- 
tion and in lacking well-defined radial ribs. 
In these respects the Nevada specimens 
and probably the holotype of Pleuronautilus 
alaskensts as well, are more like some species 
assigned to \Jojsvaroceras. For example, the 
holotype of M. turnert Hyatt and Smith, 
which is a large partially unseptate whorl 
fragment with a row of lateral nodes and 
distinct umbilical and ventro-lateral shoul- 
ders, might represent the mature form of the 
relatively small shells referred to Pleuro- 
nautilus alaskensts. 

Figured specimen. 
seum 130857. 

Occurrence-—U. S. Geological Survey 
locality M265. Natchez Pass formation, 
northeastern Humboldt Range, Nevada. 


Class PELECYPODA 
Genus SEPTOCARDIA 
Hall and Whitfield, 1877 
SEPTOCARDIA? sp. 

Pl. 74, figs. 1-4 

This pelecypod is represented by a large 
number of fragmentary specimens, most of 
which are disarticulated valves, preserved as 
both internal and external molds. 

The complete shell is equivalved and 
strongly bi-convex with slightly opisthogy- 
rate anterior beaks. The posterior and 
anterior aspect of the shell is heart shaped. 
The greatest width is at an abrupt change in 
the curvature of the valves along a line 
connecting the beaks with the posterior- 
ventral margin, so that in dorsal view the 
complete shell is more or less diamond 
shaped. In lateral view the valves are sub- 
trigonal with a relatively short, smoothly 
rounded anterior margin and an abrupt, 
straight posterior margin nearly equal in 
length to the dorsal margin. 

On the external surface about 32 V-shaped 
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ribs radiate from the umbonal area. Closely 
spaced concentric growth lines cross the ribs 
and are generally most pronounced in the 
interspaces between the ribs. 

The hinge line is best shown by the inter- 
nal mold of a right valve, a rubber cast of 
which is illustrated. A deep bean-shaped 
muscle-scar cavity, separated from the 
interior of the shell by a partition, is located 
near the anterior-dorsal margin. Between 
this cavity and the umbo is an elongate 
socket, which diverges slightly from the 
dorsal margin in an anterior-ventral direc- 
tion. Beneath the posterior end of this socket 
and slightly anterior to the beak is a promi- 
nent cardinal tooth. Another small socket 
may have been located immediately poste- 
rior to the cardinal tooth, but it is not clearly 
shown because the posterior dorsal margin is 
poorly preserved. Remnants of a_ small 
posterior lateral tooth are present about 
midway between the beak and the posterior- 
dorsal margin. The position and orientation 
of the ligament groove is not shown by any 
of the specimens available. The partly 
preserved hinge line of a left valve has a 
prominent elongate tuberculiform posterior 
lateral tooth, separated by a groove from the 
dorsal margin. 

The assignment of these specimens to 
Septocardia is necessarily tentative because 
the typical characteristics of this genus are 
subject to interpretation, as explained by 
Silberling (1959, p. 59-61). Briefly summa- 
rized, the difficulty in characterizing the 
genus Septocardia stems from the small, 
probably immature, nature of the type 
specimens of its typical species, S. typica 
Hall and Whitfield, described from Norian 
strata in the Clan Alpine Range, Nevada. 
Despite their small size these specimens are 
generally like those described here from the 
Natchez Pass formation in their shape and 
ornamentation and their hinge and muscle- 
attachment structures, but they apparently 
lack posterior lateral teeth. Larger speci- 
mens from the type locality of S. typica, 
however, have a_ well-defined posterior 
lateral tooth in the left valve. If these larger 
specimens are regarded as mature topotypes 
of S. typica, the generic name Septocardia is 
correctly applied to the shells described here 
and is a senior synonym of Pascoella Cox 
(1949), described from the Norian of Peru. 
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As provisionally redefined, Septocardia differs 
mainly in degree from Paleocardita Conrad 
(type species: Cardita crenata Goldfuss 
from the lower Karnian of the Alps); the 
anterior adductor scars of Septocardia are 
deeper, the posterior lateral teeth are better 
defined and tuberculiform, and the ligament 
groove is shorter and more oblique to the 
dorsal margin. These contrasting features 
are the same as those listed by Cox (1949, p. 
34) that set his genus Pascoella apart from 
Paleocardita. The distinctions from Paleo- 
cardita in the specimens described here are 
not as extreme as they are in the Norian 
representatives of Septocardia, and the 
present specimens may be transitional be- 
tween these two genera. 

Figured specimens.—U. S. National Mu 
seum 130863, 130864, 130865, and 130866. 

Occurrence—U. S. Geological Survey 
locality M265. Natchez Pass formation, 


northeastern Humboldt Range, Nevada. 


LOCALITY LIST 


The following locality numbers used in the 
text are recorded at the Menlo Park, Cali- 
fornia, laboratory of the Paleontology and 
Stratigraphy Branch of the U. S. Geological 
Survey: 

USGS loc. M265. Nevada. Pershing County. 
Imlay (15-min.) quadrangle. Southeastern 
Mill City Hills northeast of Nevada State 
Highway 50. At base of siliceous conglomerate, 
sandstone, and siltstone unit in overturned 
upper part of Natchez Pass formation. N. cent. 
SW3, SW43, sec. 9, T. 32 N., R. 35 E. Coll: 
N. J. Silberling, Oct. 1958. 

'SGS loc. M657. Nevada. Pershing County. 
Humboldt Rz Buffalo Mountain (15-min. ) 
quadrangle. Natchez Pass formation. C “ee 
sec. 13, T. 27 N., R. 34 E. Coll: 
Silberling, 1956. 

JSGS loc. M777. Nevada. Pershing County. 
East side of East Rz aa! due east of Auld Lang 
fev Peak. SE}, sec. 7, 33 N., R. 37 E. 
Natchez Pass about 400 feet above 
base — 100 feet below basic volcanic unit. 
Coll.: N. J. Silberling, Sept. 1957. 
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TORTOISES 
AMERICA WITH REMARKS ON THE ZOOGEOGRAPHY 
AND PALEOECOLOGY OF TORTOISES 


BAYARD H. BRATTSTROM 
Orange County State College, Fullerton, Calif. 


Abstract—The discovery of several fossil tortoises contribute signitfic antly to our 
understanding of tortoise distribution in western North America. These include: 
Gopherus neglectus, n. sp. from the Oligocene part of the Sespe Formation, Cali- 
fornia; Testudo milleri, n. sp. from the Barstow Miocene of California; and Gopherus 
depressus, n. sp. from the Tehachapi Miocene of California. New material of previ- 
ously known fossil tortoises is described. 

A technique for the determination of past climates by the use of fossil reptiles 
and amphibians (Cowles and Brattstrom, MS: Brattstrom, 1956) and the tempera- 
ture requirements of modern reptiles and amphibians assumes that the animals 
have not greatly changed their ecologic al requireme nts in the course of their evolu- 
tion. One chance to test this assumption in one group of reptiles is afforded by the 
proximity (stratigraphically and geographically) of fossil plant and fossil tortoise 
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sites. Some of the zoogeographic 
discussed. 


INTRODUCTION 


OSSIL tortoises (Testudo, Gopherus, Sty- 

lemys, etc.) are a difficult group with 
which to work. Most of the fossil species are 
known from fragments or, at the most, from 
single individuals, and rarely are the skulls, 
limbs, and shells intact. The problems in- 
volved in determining the conspecificity of 
any two isolated parts of even the better 
known forms is extremely difficult. 

The similarity of the shell of tortoises in 
size, shape, and scutulation, results in the 
use of such characters as shell height, width, 
and length; scute and bone size and shape; 
and the positions of the various sulci or 
sutures for species determination. The more 
important characters in use for the determi- 
nation of relationships among turtles are on 
parts not commonly found as fossils (skulls, 
cervical vertebrae, limbs, girdles). The 
amount of variation, scute abnormalities, 
asymmetry, and sexual differences present in 
living tortoises (Grant, 1936, 1946; Wood- 
bury and Hardy, 1948) and the difficulty in 
separating even the living species of Go- 
pherus (Bogert and Oliver, 1945), make the 
present classification of tortoises somewhat 
artificial. In spite of this, Williams (1950a, 
1952, 1953) has greatly clarified the relation- 
ships of fossil tortoises and has presented 
classifications and phylogenetic trees of 
tortoises. 


implications of the paleoecological data are 


It is the purpose of this paper to place 
tortoises from several localities in western 
North America on record and to compare 
some of the Pleistocene Gopherus with their 
living relatives. In addition, some general 
speculations concerning the past distribu- 
tion and paleoecology of tortoises will be 
discussed. 
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SYSTEMATIC DESCRIPTIONS 
EOCENE 
?TESTUDO sp. 


From the Eocene part of the Sespe Forma- 
tion on the north side of Simi Valley, ven- 


tura County, California (Brattstrom, 1955; 
Stock, 1934) there are fragments of a large 
tortoise from several sites. The fragments 


543 


a 
a 
E 
: 
= 
3 


544 


are unidentifiable as to species or genus, but 
are probably Testudo or ‘Hadrianus.”’ This 
is the first record of a large tortoise from the 
Eocene of California and the first tortoise 
found in the Sespe Fauna. The specimens 
come from: C.1I.T. Loc. 150! (two marginals 
of a large tortoise catalogued as C.1.T. 980), 
U.C. Loc. V5236 (=C.I.T. Loc. 143; con- 
sisting of fragments of a limb bone and 
fragments of a carapace), and U.C. Loc. 
V5242 (Brea Canyon, site 3, six fragments). 


OLIGOCENE 
NEGLECTUS Brattstrom, n. sp. 

Text-figs. 1-4 

Holotype.—California Institute of Tech- 
nology No. 126/1672 consisting of an entire 
shell except for the posterior one-fourth of 
the carapace (text-figs. 1,2). 

Type locality and age—C.1.T. Locality 
126, Kew Quarry, Upper Oligocene part of 
the Formation, Ventura County, 
California. 

Diagnosis.—A large Gopherus resembling 
G. praeextans and laticunea but differing 
from them in the shape of the neural bones 
and by having a broad, curved, not in- 
dented, anterior portion of the plastron. 
Nuchal scute broad; humeropectoral sulcus 
removed from entoplastron; pectoral scute 
broad, its median sulcus about one-half that 
of the abdominal. First neural elongate, 
quadrangular, second and third neural bone 
hexagonal. 

Description of type.-—The holotype (text- 
figs. 1,2) consists of a large, low, smooth, 
entire shell except for the posterior one- 
fourth of the carapace. It is badly smashed 
on top with the anterior-central region of the 
carapace depressed and pushed to the right 
so that three-fourths of the plastron is to the 
right of the mid-line of the carapace. 

The epiplastron projects beyond the 
anterior edge of the carapace; carapace 
truncate with its anterior edge slightly in- 
dented and the anterior-lateral corners 
probably rounded. Nuchal scute (precen- 
tral) broad, wider than long. First neural 
elongate, quadrangular; second and _ third 
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Sespe 


‘ The Los Angeles County Museum has recent- 
ly purchased the vertebrate paleontology collec- 
tions of the California Institute of Technology. 
\ll C.1.T. numbers and localities listed herein 
should be preceded by L.A.C.M. 
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TExt1-F1G. 1.—Gopherus neglectus Brattstrom, 
n. sp. Dorsal view of carapace of holotype, 


LACM-CIT 126/1672. K} 


neural hexagonal. Plastron with gular- 
humeral sulci on entoplastron; humeropec- 
toral sulcus not touching entoplastron; 


pectoral scute broad, not narrowing towards 
the mid-line and its median sulcus about 
one-half that of abdominal. Femoral scute 
broadly in contact with the inguinal and 


hence the abdominal scute does not touch 
the inguinal notch. Anterior-lateral edge of 
the plastron with a slight curve, not greatly 
indented at gular sulcus or epiplastron 
suture. 

There is apparently an abnormality in the 
holotype in that the femoral scute appears 
to be divided on both sides into two scutes 
(see text-fig. 2). 

Measurements of the holotype in milli- 
meters are as follows: carapace length: 450; 
greatest width of carapace: 440; plastron 
length: 406; shell height: 151.8; length and 
width of central scute 1: 119.0 and 118.7; 
length and width of central scute 2: 94.0 and 
100.6; length and width of proneural bone: 
88.0 and 122.8; length and width of neural 
72.5 and 34.7; length and width of 
neural bone 2: 54.9 and 52.3; length and 
width of neural bone 3: 52.9 and 48.8; 
precentral scute (nuchal) length and width: 
23.0 and 34.0. The length of the plastral 
scutes and bones at the mid-line are: gular 
56.0, humeral 68.5, pectoral 50.3, abdominal 
106.8, femoral 57.9, anal 65.2, entoplastron 
99.2, hyoplastron 103.6, hypoplastron 81.6 
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PEXT-FIG. 2—Gopherus neglectus Brattstrom, 
n, sp. Ventral view of plastron of holotype, 
LACM-CIT 126/1672. x} 


mm. The entoplastron width is 101.0 mm. 

Referred material.—C.1.T. 126/1987 (text- 
figs. 3,4) from the same locality as the 
holotype consists of an entire shell. Only the 
plastron and part of the carapace is visible 
as the specimen is in an “in situ’’ display. 
The shell is badly broken so that the sutures 
and sulci are difficult to discern. The plas- 
tron has rounded anterior corners with no 
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indentations at the gular sulcus or the ento- 
plastron suture. The humeropectoral sulcus 
is not on or near the entoplastron. The 
median sulcus of the pectoral is broad and 
about half the length of the median sulcus of 
the abdominal. The xiphiplastron is notched 
behind. Measurements in millimeters in- 
clude: plastron length 436.4; carapace 
length: approx. 450; carapace width: ap- 
prox. 441.8; the mid-line sutures or sulci 
are: gular 36.9; humeral 121.0; pectoral 
59.8; abdominal 123.9; femoral 77.4; anal 
36.3; 101.7; epiplastron ap- 
prox. 123.8; hyoplastron ?96.5*; hypoplastron 
121.1; xiphiplastron 74.0 mm. The entoplas- 
tron width is 114.4 mm. Pictures of this shell 
were apparently made prior to its utilization 
in the Museum display. These are presented 
in text-figs. 3 and 4. 
Relationships.—Gopherus neglectus appears 
to be closely related to G. praeextans Lambe 
and G. laticunea Cope. It is most similar to 
the latter, especially in the shape of the 
anterior edge of the carapace and in the 
shape of the neural bones. G. neglectus differs 
from these two forms in the shape of the 


entoplastron 


? \ question mark in front of a measurement in 

this paper indicates that it is for some reason 

Ex. distortion of shell) an approximate measure- 
ment. 


PEXT-FIG. 3—Gopherus neglectus Brattstrom, n. sp. Dorsal view of carapace of referred specimen, 
LACM-CIT 12621987. Drawn frem photograph. x}. 


TEXT-FIG. 4 


Gopherus neglectus Brattstrom, n. sp. Ventral view of plastron of referred specimen, 


LACM-CIT 126/1987. Drawn from photograph. x}. 
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neural bones and by having a broad, curved, 
not indented, anterior portion of the plas- 
tron. In this regard, G. neglectus has some- 
what more primitive characters than GC. 
laticunea in spite of the fact that it occurs in 
later beds. 

The specific name, neglectus, is in allusion 
to the many fossil turtles (including this 
one) that remain on shelves, in storage, or 
even in full view (as with the referred speci- 
men discussed above) for long periods of 
time unnoticed and unexamined. 


MIOCENE 


Additional tortoises from the Barstow 
Miocene of the Mohave Desert show that 
there is in addition to Gopherus mohavense 
Merriam, a Testudo. This new form is known 
from several specimens in the Los Angeles 
County Museum, one of which was referred 
to G. mohavense by Merriam (1919) when he 
described that species. By its characters 
(some of which were noted by Merriam) it 
cannot be G. mohavense. This specimen is 
designated the type of: 


TESTUDO MILLER! Brattstrom, n. sp. 


Holotype-—University of California, Mu- 
seum of Paleontology, No. 21574 consisting 
of a shell. 

Type locality and age-—Upper Miocene 
Barstow beds, Barstow syncline, San Ber- 
nardino County, California. 

Diagnosis —A medium-sized tortoise with 
the characters of the T. tedwhitei lineage of 
tortoises. Nuchal scute longer than wide, 
shell high and globular, anterior-lateral 
margins of carapace flared, nuchal indenta- 
tion slight. Differing from 7. farri in having 
the humeropectoral sulcus well separated 
from the entoplastron and the entoplastron 
just slightly wider than long. Differing from 
T. ducatelli and farri in having the gular 
region slightly distinct and having the 
medial sulcus of the pectoral scute about 
one-half that of the abdominal. 

Description of type-—The holotype has 
been described and figured by Merriam 
(1919). The important characters are those 
of the diagnosis and: first central scute 
elongate, hexagonal; first neural hexagonal, 
second octagonal, third quadrangular; fem- 
oral scute not touching inguinal scute, 
hence abdominal scute enters the inguinal 
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notch. Measurements of the type are given 
by Merriam (1919) and in Table I. 

Referred material.—C.1.T. 494/5129 (text- 
figs. 5,6) from the south limb of the Barstow 
syncline (in S.W. corner, N.W. }, S.E. 3, 
Sec. 15, T11N, R2W, SBB&M) consists of 
the anterior half of a tortoise. Most of the 
bones and scutes are discernible except on 
the mid-lateral areas of the carapace and the 
lateral areas of the plastron. The characters 
are similar to that of the type, the most 
important of which include the elongate 
nuchal, entoplastron wider than long, the 
high, dome-shaped shell, and the elongate 
central scute one. 

C.I.T. 495/5130 from the south limb of 
the Barstow syncline, } mi. S.E. of locality 
494 and 100 feet above it stratigraphically 
(approximately in the middle of the N3}, 
SW}, Sec. 14, T11N, R2W, SBB&M) con- 
sists of a complete shell. The carapace is 
badly smashed and the central portion is 
missing. The last suprapygals are present 
but damaged. The plastron is also badly 
cracked so that only the posterior one-third 
and parts of the epiplastron and hyoplastron 
are evident. Enough of the shell is present so 
that certain characters allow for its place- 
ment here. Measurements of these last two 
specimens are given in Table I. 

U.C. 21573 used by Merriam (1919) in his 
definition of G. mohavense, is unidentifiable 
at present. 

Discussion.—The characters of Testudo 
milleri all suggest a relationship with the T. 
tedwhitei lineage of Testudo as defined by 
Williams (1953). 7. milleri differs from 
members of that group by having the medial 
sulcus of the pectoral scute about one-half 
that of the abdominal and by having the 
gular region slightly distinct. T. milleri 
differs from the Upper Miocene, T. farri in 
having the humeropectoral sulcus well 
separated from the entoplastron and in 
having the entoplastron just slightly wider 
than long. Perhaps both B. farri and milleri 
are derivatives of the Middle Miocene B. 
ducatelli. 

Though the characters of the species place 
milleri in the tedwhitei line of Testudo, one of 
the characters of the species does not con- 
form with this lineage or even with the genus 
Testudo. Williams (1953) has suggested that 
a small inguinal scute, not touching the 
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TABLE 1 


MEASUREMENTS IN MILLIMETERS OF SEVERAL SPECIMENS OF 


Testudo milleri. THOSE OF THE TYPE SPECIMEN TAKEN FROM MERRIAM (1919) 


Character 
Carapace length 
Carapace width 
Plastron length 
Shell height 
Central scute 1, L. 3.0 
Central one, W. 2.5 
Neural one, L. 0 
Neural one, W. 0 
Nuchal scute, L. 
Nuchal scute, W. 
Proneural length 
Proneural width 
Gular length 
Humeral length 
Pectoral length 
Abdominal length 
Femoral length 
Anal length 
Entoplastron length 
Hyoplastron length 
Hypoplastron length 
Xiphiplastron length 
Entoplastron width 


317.0 
2375.0 


femoral is one of the diagnostic characters 
of the genus Stylemys. The femoral scute 
does not touch the inguinal in 7. millert. 
This may be a specific characteristic of 
millert or millert may be, in fact, an exten- 
sion of the Stylemys line into the Miocene. 

The species is named in honor of Dr. Love 
Miller who first identified birds from the 
Barstow beds (In Merriam, 1919), who has 
contributed greatly to our knowledge of 
avian paleontology, who has added much to 
the natural history and behavior of the 
modern desert tortoise (Miller, 1932, 1955), 
and who has stimulated the interest of many 
students. 


(GOPHERUS MOHAVENSE Merriam 


Referred material.—C.1.T. 494/5131 from 
the Barstow syncline consists of fragments 
of the plastron, carapace, and_ pectoral 
girdle. They represent a large tortoise, but 
appear to be referrable to G. mohavense (Ex. 
nuchal scute wider than long). Measure- 
ments made on this material in millimeters 
includes: entoplastron length 78.3; ento- 
plastron width 96.9; length and width of 
central scute one: 92.2 and 102.4; precentral 
scute length and width: 22.0 and 29.1 mm. 

U.S.G.S. 473, Barstow syncline, consists 


Type UC 21574 


CIT 494/5129 CIT 495/5130 


2300.0 
2329. 


334.5 
2209. 

339. 


170. 
88. 
76. 


of several fragments. The length and width 
of the entoplastron included are: 45.5 and 
50.0 mm. 

L.A.C.M. A1420, Barstow syncline, con- 
sists of a mold of a shell with the bones of the 
plastron present. It is a low turtle with the 
plastral characters of G. mohavense. The 
lengths of the plastral bones and scutes at 
the mid-line are: gular ?21.0; humeral 32.3; 
pectoral 13.9; abdominal 44.6; femoral 
?22.8; anal ?6.0; epiplastron ?38.0; ento- 


5——-Testudo milleri Brattstrom, n. sp 
Dorsal view of carapace of referred specimen, 


LACM-CIT 494/5129. 
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TEX1-FIG. 6—Testudo milleri Brattstrom, n. sp. 
Ventral view of plastron of referred specimen, 


LACM-CIT 494/5129. x }. 


plastron 46.6; hyoplastron 39.8; hypoplas- 
tron 44.9; xiphiplastron ?17.0. The ento- 
plastron width is 45.3; carapace length 
2202.0; greatest width of carapace ?164.8; 
plastron length 174.0; shell height ?78.6 mm. 

C.1L.T. 303/5132, Tejon Hills, Kern 
County, California, consists of the anterior 
and posterior parts of a plastron which are 
similar to G. mohavense. The gular-humeral 
sulci turn as they approach the intergular 
sulcus so that they meet that sulcus at right 
angles and not diagonally as in G. moha- 
vense. The mid-line measurements of this 
turtle are: gular 68.0; epiplastron 51.5; anal 
?46.4; femoral 22.7; xiphiplastron 53.0 mm. 
The entoplastron width is 291.7. The age of 
this deposit at C.I.T. locality 303 is prob- 
ably Upper Miocene (See Drescher, 1941, 
for a discussion). 

The Tejon Hills locality of Gopherus 
mohavense is on the opposite side of the 
southern Sierra Nevada-Tehachapi Moun- 
tain Range from the Barstow syncline. The 
occurrence of the same species of tortoise on 
opposite sides of this range in the Upper 
Miocene suggests, along with paleobotanical 
and geological evidence (Axelrod, 1950d, 
1956), that this mountain range was prob- 
ably not very high in Upper Miocene times. 


(GOPHERUS DEPRESSUS Brattstrom, n. sp. 
Text-figs. 7,8 


Institute of Tech- 
consisting of the 


Holotype.—California 
nology No. 498/5133, 


entire shell of a tortoise. 


Type locality and age——C.1.T. locality 
498, Bopesta formation, Cache Peak fauna, 
Tehachapi Upper Miocene, West 3, N.E.}, 
sec. 36, T. 31S, R34E, MOB&M, Tehachapi 
Mountains, Kern County, California. The 
specimen was collected by R. H. Tedford 
and R. L. Schultz from their locality V494. 
The locality encompasses a basin to the 
north of the ‘“‘South"’ Fork of Cache Creek. 

Diagnosis.—A low, flat tortoise similar to 
G. mohavense (from which it differs in being 
depressed; in having neural bone one widest 
anteriorly and not posteriorly; neural bones 
three and five hexagonal rather than 
quadrangular; the entoplastron wider than 
long), and the depressed G. pansa (from 
which it differs in being more depressed, 
larger, in having the anterior edge of neural 
one widest, and in having the entoplastron 
wider than long). Anterior-lateral corners of 
carapace rounded; nuchal indentation not 
marked; humeropectoral sulcus separated 
from entoplastron; nuchal scute about 
equal in length and width; first neural bone 
elongately quadrangular, second octagonal, 
third hexagonal, fourth octagonal, fifth 
hexagonal. 

Description of type.-—The holotype (text- 
figs. 7,8) is low and flat with a carapace 
length and width of 315.0 and 327.2 mm. 
respectively. The shell height is 108.9 mm. 
The nuchal scute is just a little wider (19.6 


Text-F1G. 7—Gopherus depressus Brattstrom, n. 
sp. Dorsal view of carapace of holotype, 
LACM-CIT 498/5133. X}. 
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mm.) than long (18.0 mm.). The first 
central scute is hexagonal with the central- 
nuchal margin wavy; central scutes 1 to 4 
wider than long and all hexagonal; proneural 
wider than long (88.348.4 mm.); neural 
one elongate, quadrangular, with its anterior 
end wider than its posterior end; neural two 
and four octagonal; neural three and five 
hexagonal. The anterior margin of the shell 
is somewhat truncate, with only slight 
nuchal indentation and with rounded an- 
terior-lateral corners. The anterior edge of 
the plastron is rounded with only a slight 
indentation at the gular-humeral sulcus. The 
humeropectoral sulcus is removed from the 
entoplastron and the median sulcus of the 
pectoral is about. one-third that of the 
abdominal. The mid-central portion of the 
abdominal is missing in the holotype. The 
entoplastron is wider than long and is some- 
what triangular with the posterior margin 
gently curved. 

Measurements include: length and width 
of centrals; one: 69.9-73.2; two: 68.3—98.9; 
three: 70.6-121.8; four: 71.0-106.0; length 
and greatest width of neurals: one: 54.0—33.7 
(posteriorly the width is 26.9); two: 34.5- 
52.6; three: 37.0-59.6; four: 36.3-63.2; five: 
30.3-49.6; six: 30.0—?62.5. The length at the 
mid-line of the plastron scutes and bones: 
gular 56.3: humeral 50.9: pectoral 32.2; 
abdominal 79.6; epiplastron 32.6; entoplas- 
tron 63.7: hyoplastron 73.0; hypoplastron 
797.0 mm. The entoplastron width is 81.5 
mm. 

Relationships.—Gopherus depressus ap- 
pears to be closely related to G. mohavense 
and G. pansa. G. depressus differs from these 
two forms in having the shell more com- 
pressed, in having the anterior edge of neural 
one wide anteriorly and not posteriorly, and 
in having the entoplastron wider than long. 
G. pansa and G. depressus occur in beds of 
about equal age (Galbreath, 1953; Buwalda, 
1916; Wood, 1941) and are probably most 
closely related. Perhaps G. pansa, depressus, 
and mohavense are all derived from some 
more primitive form such as G. vaga. 


STYLEMYS CONSPECTA Hay 


Referred material.—Several tortoises, all 
from the John Day Miocene of Oregon, are 
present in the collection of the University of 
California at Berkeley and are probably of 
this species. These include entire shells, 
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Text-F1G. 8—Gopherus depressus Brattstrom, 
n. sp. Ventral view of plastron of holotype, 
LACM-CIT 498/5133. X 


fragments, and coprolites from localities 818, 
847, and 827. Two shells in the California 
Institute of Technology collection from the 
E.N.E. end of Haystack Valley, Oregon also 
seem to be S. conspecta. An additional C.1.T. 
specimen (1/1731 from the Middle John 
Day of Sheep Mountain, Oregon) is similar 
to the Kew Quarry Gopherus neglectus, but 
unfortunately it is so damaged as to prevent 
checking this suggestion. 
PLIOCENE 

As Williams (1950a) notes, Pliocene tor- 
toises are quite numerous, but almost all are 
known from fragments and most are unas- 
signable generically. The Pliocene material 
to be listed or discussed below is cited 
primarily to add geographic records of fossil 
tortoises for purposes of the paleoecological 
and zoogeographic discussions presented 
later in this paper. 

C.I.T. locality 448, Yepomera (= Rincon) 


Formation, Chihuahua, Mexico, Upper 
Pliocene. From this locality there is a very 
large tortoise (carapace length 711.0, 


carapace width ?636.0, shell height 235.0 
mm.) represented by the left half of the 
carapace (Fig. 9) and plastron. The plastron 
is too damaged to recognize any sutures or 
sulci. The length and width of the central 
scutes are: one: 132.6X?; two: 121.7X?; 
three: 120.8170.4; four: 165.2 183.0; 
five: 144.7 254.0 mm. respectively. The 
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leEXT-F1G. ¥—Dorsal view of carapace of tortoise 
from Pliocene Yepomera Fm., Mexico. X#. 


postcentral scute is 63.7 mm. long and 98.6 
mm. wide. The proneural is approximately 
119.3 mm. long and 150.0 mm. wide. The 
general shape (low and depressed, anterior- 
lateral corners of carapace curved, fourth 
central scute wider than long) suggest that 
the specimen is probably a Gopherus. The 
material is lacking, however, in the diag- 
nostic characters for proper generic and 
specific determination. 

L.A.C.M. locality 1111 (Ted Downs 
locality 416), Vallicitos area, eastern San 
Diego County, California, Pliocene. Two 
tortoises from this locality are represented 
by 19 fragments including two parts of (a?) 
xiphiplastron (anal scute length of the two 
pieces: 41.5 and 41.8 mm.). The material 
represents a large tortoise. 

C.1.T. locality 162, Rio Virgines, Nuevo 
Leon, Mexico, Pliocene. From this locality 
there is a part of the shell of a very large 
tortoise. 
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C.1.T. locality 486, Hungry Valley For- 
mation, Late Pliocene, S.E. {, Sec. 21, T8N, 
R18W, Ft. Tejon Quad. Angeles 
County, California. Two fragments of bone 
of a large tortoise from this locality are 
undeterminable as to species. 

U.C. V3721, Cita Canyon, 
County, Texas, Late Pliocene. 
specimens from the Cita Canyon area in the 
collection of the University of California 
include: 43274 (C.W.T. 2623), consisting of 
the anterior part of a plastron that is very 
similar to modern Gopherus. The mid-line 
measurements include: gular: 31.0; humeral 
24.5; pectoral 11.0; epiplastron 21.3; ento- 
plastron 36.6; hyoplastron 28.1; entoplas- 
tron width 37.5 mm. Another entoplastron 
(C.W.T. 1207) measures 40.7 mm. long and 
39.6 mm. wide. Number 43294 consists of 
the posterior part of a plastron of a large 
tortoise. The length of the xiphiplastron of 
this specimen is 104.3 mm. J.W.T. 2275 
consists of several fragments of shell, a cervi- 
cal vertebra, a femur, and an egg (the laiter 
measures 49.5 X 48.2 X 46.9 mm.). Cita Can- 
yon is the locality of Gopherus canyonensis 
(Johnston) and near the Blanco localities of 
T. turgida (Cope) and G. campester (Hay), 
(Williams, 1950a; Johnston and Savage, 
1955; Oelrich, 1957). 

U.C. V5125, Cammatte Ranch, San Luis 
Obispo County, California, Clarendonian 
Pliocene includes four fragments (U.C. 
40970) of a large tortoise. 

U.C. V3322/33528, Big Spring Canyon, 
Bennet County, South Dakota, Claren 
donian Pliocene, consists of fragments of a 
tortoise. 

U.C. V1751/29279 (many fragments) and 
V1083/29280 (one fragment) come from the 
Ricardo Beds, Kern County, California, 
Clarendonian Pliocene. 

U.C. V4845/GB 525, Brady pocket, 
Churchill County, Nevada, Pliocene, in 
cludes many fragments of tortoise. 

U.C. V3952/36080, } mi. S. Ingram 
Creek, Stanislaus County, California (S.W. 
1, N.E. }, Sec. 2, T 4S, R6E), Lower Plio 
cene consists of many fragments of the shell 
and limbs of a very large tortoise. 

U.C. V2824/30306, Lipscomb County, 
Texas, Lower Pliocene, consists of a large 
fragment of a tortoise. 

U.C. 23417 and 23418, San 
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Formation, San Timoteo Canyon, Riverside 
County, California, Upper Pliocene. These 
tortoise fragments were recorded by Frick 
(1921). 

PLEISTOCENE 


Most of the Pleistocene tortoises can be 
referred to living species. There are in addi- 
tion several species of gigantic tortoise 
living in the Pleistocene. The Pliocene and 
Miocene ancestors of many of the Pleisto- 
cene and recent tortoises are unknown. This 
is largely due to the lack of adequate Plio- 
cene material. 

Species of the living Gopherus are difficult 
to distinguish. They geographically 
separated and are considered as species by 
most herpetologists. Mertens (1956), how- 
ever, has considered the three living forms of 
Gopherus as general, G. 
berlanderi is small and rugose with deep 
growth lines on the scutes. The pygal is 
usually turned ventrally. The anal and pygal 
almost encircle the tail. G. polyphemus is 


are 


subspecies. In 


large, low, and usually has a smooth cara- 
pace. G. agassizi is somewhat intermediate in 


these characters between berlanderi and 
polyphemus. The variation in each of the 
species is so great, however, that given a 
number of individuals, it is almost impossi- 
ble to separate them into their proper species 
on the basis of shell characters. Skull char- 
acters (Bogert and Oliver, 1945; Williams, 
1950a, 1952) appear to be the only reliable 
criteria available for distinguishing the 
species. Skulls, of course, are rare as fossils. 

G. polyphemus and agassizi are known 
from Pleistocene specimens that do not 
differ greatly from Recent specimens. The 
following includes additional records or 
material of G. agasstzt. 


GOPHERUS AGASSIZI (Cooper) 


L.A.C.M. locality 1010, Shelter Cave, 
New Mexico, Late Pleistocene. From this 
cave there are many fragments of tortoise 
that do not differ from G. agassizi. Many of 
the tortoise bones are burned, probably by 
Indians that had inhabited the cave. This 
and the following locality are far outside the 
present range of G. agassizi. The specimens 
do not resemble berlanderi, other than being 
generally smaller than average agassizt. As 
most of the bones are isolated, there is no 
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standard (Ex. plastron length) for compari- 
son with recent G. agassizi. Some measure- 
ments on isolated elements include: Length 
gular scute at mid-line: 33.0, 41.9, 31.3, 33.0, 
34.8, 44.6, 28.7, 23.8, 31.8 mm.; length 
humeral at mid-line: 48.8, 44.8 mm.; length 
of entoplastron: 36.7, 40.0, 50.5. mm. In all 
individuals the precentral scute is wider 
than long. 

L.A.C.M. locality 32-35, Conkling Cav- 
ern, New Mexico, Late Pleistocene. Frag- 
ments of shell from this cave are similar to 
G. agassizt. 

L.A.C.M. locality 1123, Schuiling Cave, 
San Bernardino County, California, Late 
Pleistocene. There are shell and limb frag- 
ments in this cave deposit from a depth of a 
few inches to 15 feet. One specimen (L.A.C.M. 
1534) consists of a partial carapace. The 
measurements on this carapace do not differ 
from Recent G. agassizi (length and width of 
central scutes: one: 65.1-71.2; two: 55.5- 
86.6: three: ?62.0—291.8; length and width of 
neurals: one: 40.5-27.5; two: 27.3-47.7; 
three: 25.0—-39.0 mm. 

U.S.G.S. locality: Lower portion of Manix 
beds, Manix Dry Lake, San Bernardino 
County, California, Pleistocene. Mr. Herb 
Winters sent the writer a coracoid and a 
marginal from the Manix beds for identifica- 
tion. Some of the measurements of the 
caroacoid are: greatest length 38.9; greatest 
width 31.7; greatest width anterior end 16.0; 
greatest width posterior end 9.4; thinnest 
part 4.6 mm. The marginal measures 21.5 
20.2 mm. in length and width is 6.4 
mm, thick. The marginal is undiagnostic. 
The coracoid is similar to recent G. agassizi, 
but is heavier in that the distal and medial 
ends are thicker than in the modern species. 

C.1.T. locality: Gypsum Cave, Nevada, 
Late Pleistocene. The Gypsum Cave Go- 
pherus agassizt were reported on by Harring- 
ton (1933) and Brattstrom (1954). Measure- 
ments made on this and other Pleistocene 
material were compared with Recent G. 
agassizi on some 18 different graphs. In 
general there was either a close agreement 
between the modern and Pleistocene forms 
(carapace length plotted against shell 
height, gular length-humeral length, plas- 
tron length-anal length, plastron length- 
hypoplastron length, and plastron length- 
xiphiplastron length) or the scatter of the 
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recent or fossil measurements was so great as 
to prevent any tendencies from being evi- 
dent (entoplastron length and width, gular 
length-plastron length; plastron length- 
femoral length; entoplastron length-humeral 
length). In several characters (nuchal scute 
length and width, abdominal length-plas- 
tron length, hyoplastron length-plastron 
length, pectoral length-plastron length, 
entoplastron length-plastron length, epiplas- 
tron length-plastron length, carapace length- 
shell width) there were slight differences 
between recent and Gypsum Cave speci- 
mens. In the Gypsum Cave material 4 out of 
7 entoplastrons had no gular sulci on them. 
This may be a sexual character, however, 
with males lacking gular sulci on the ento- 
plastron and females and young (?) having 
gular sulci on the entoplastron. This needs to 
be checked, however, with a large series of 
recent G. agassizt. 

Measurements made on fossil G. agassizi 
were plotted on the growth record graphs of 
living G. agassizi made by Miller (1955). 
These graphs show no differences between 
fossil and Recent G. agassizi with regard to 
carapace length and width. 


PALEOECOLOGY 


Many workers have used the occurrence 
of fossil tortoises to suggest the past climates 
of a given fossil locality. They have gener- 
ally assumed that the presence of tortoises is 
indicative of arid conditions (cf. ‘‘the desert 
tortoise,’ Gopherus agassizi) and we find 
such statements as, “... The presence of 
large tortoises is possibly to be correlated 
with open semi-arid character of the coun- 
try.”’ (Merriam, 1919, Barstow Miocene). It 
will be shown below that most fossil tor- 
toises are, in fact, probably indicators of 
tropical and subtropical climates. 


CLIMATIC DISTRIBUTION OF 
MODERN TORTOISES 


The following genera or subgenera of 
tortoises are entirely or primarily tropical 
(text-fig. 10) in distribution: Testudo (Chelo- 


noidis), South America 
Islands; TJ. (Asterochelys), Madagascar, 
Aldabra, Seychelles; T. (Cylindraspis), 
Rodriguez and Mauritius; 7. (Acinixys), 
Madagascar; T. (Psammobates), Africa; T. 
( Malacochoersus), Africa; T. (Geochelone), 


and Galapagos 


Asia, Africa; T. (Manouri), Asia; T. (Indo- 
testudo), Asia, East Indes; Ainixys, Africa; 
Homopus, Africa; Chersina, Africa; Belle- 
mys, Madagascar (classification from Wil- 
liams, 1950a; habitats from Gadow, 1909; 
Smith, 1931; Schmidt, 1919, etc.). (Wil- 
liams, (personal communication), says that 
Homopus, Chersina, and T. (Psammobates) 
are primarily South Temperate.) Most 
of these forms occur in tropical jungles, 
forests, Or savannas, most often in open 
areas in these habitats. There may be margi- 
nal species of a few of the groups mentioned 
above that occur in sub-tropical regions. 

The tortoises of the Galapagos Islands 
are (and were) apparently much more 
abundant on the higher elevations of the 
various islands where tropical conditions 
occur than on the lower, semiarid slopes 
where the Iguanas occur (Slevin, 1931; 
Darwin Voyage of the Beagle; plus personal 
reports to the writer on several recent photo- 
graphic expeditions to the islands). 

The modern European and Asiatic tor- 
toises, Testudo (Testudo), occur primarily in 
warm mediterranean or subtropical climates 
(Gadow, 1909). 

The climatic distribution of the modern 
Gopherus is not too dissimilar from that of T. 
(Testudo). Gopherus polyphemus of the 
humid subtropics (Visher, 1954, maps 981- 
983, 985-987) of the southeastern United 
States is a characteristic animal of the high 
pine woods in peninsular Florida (Carr, 
1950, 1952). Its occurrence in sandy ridge 
and dune-sand areas appears to be associ- 
ated with the requirement of having to 
burrow above the water table (Carr, supra 
cit.). 

Gopherus berlandieri occurs in subtropical 
regions (according to the classification found 
in Visher, 1954, maps cited above) of 
southern Texas and northeastern Mexico 
According to Carr (1952) it is, . . perhaps 
partial to open woods, it is found also in 
chaparral and mesquite... 

Gopherus agassizi is primarily a desert 
dweller. It does not occur in the low, hot 
Colorado desert, but rather in the high 
Mohave Desert of California and in the high 
deserts of Nevada, Arizona, and Utah. This 
area is classified (Visher, 1954, maps 982, 
987) as dry subtropical. In the Alamos 
region of Sonora, agassizt is found in a 
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xerophytic thorn-scrub or chaparral type of 
vegetation (Bogert and Oliver, 1945). The 
latter is the plant type that until recently 
(U. Pliocene) covered the Mohave Desert 
(Axelrod, 1950d). 


BEHAVIOR OF MODERN TORTOISES 
WITH REGARD TO CLIMATE 


The modern species of Gopherus, save 
possibly G. berlandiert, typically burrow 
into the ground. These burrows are resorted 
to during the winter and the hot parts of the 
summer (Woodbury and Hardy, 1948; 
Miller, 1932, 1955). The Mediterranean 
forms, Testudo (Testudo), burrow in the 
winter. Several of the tropical or subtropical 
that live in burrow 
during the dry or non-rainy season (Gadow, 
1909). Those tortoises in the dense tropics 
and the gigantic tortoises of the Galapagos 
and Indian Ocean Islands do not burrow. 
Supposedly the large fossil species also did 
not burrow. 

The burrows are primarily, if not entirely, 
for the avoidance of extremes of temperature 
(Woodbury and Hardy, 1948) and where 
there are no great temperature hazards, the 
forms do not burrow. For example, Bogert 
and Oliver (1945) observed that G. agassizi 
which is known for its burrowing activity in 
the Mohave Desert region, does not burrow 
in the equable climate of the Alamos region 
of Sonora. Because of their burrowing be- 
havior and avoidance of climatic extremes, 
the burrowing populations of tortoises, while 
active, are essentially living in a subtropical 
climate. For example, G. agassizt is active in 
the Spring and sometimes in the Fall when 
the Mohave desert is warm and equable and 
the vegetation isin bloom. 

Modern are almost entirely 
herbivorous, preferring succulent foods. In 
tropical and subtropical regions such foods 
are almost always available to the tortoise. 
In areas where there is a marked seasonal 
rainfall and succulent food is available only 
during a certain time of the year, the tor- 
toises are burrowers and emerge from their 
burrows only when the climate is suitable 
and the succulent food is available. For 
example, G. agassizi is most active in the 
Spring and somewhat active in the Fall 
when the desert flowers are in bloom and the 
leaves are present on most of the plants. 


tortoises open areas 


tortoises 
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Contrary to popular belief, G. agassizi ap- 
parently does not eat cacti which are avail- 
able all the year. 


TEMPERATURE REQUIREMENTS OF 
MODERN TORTOISES 


A review of the temperature requirements 
of modern reptiles and amphibians has been 
given by Cowles and Brattstrom (MS). For 
Gopherus agassizi they showed that active 
individuals (1.e. not those in burrows which 
had body temperatures of 10.0° to 22.0°C.) 
had body temperatures that ranged from 
19.0°C. (the minimum voluntary) to 37.8°C. 
(The maximum voluntary) with a mean or 
preferred temperature of 30.6°C. The critical 
maximum for this species is 39.5°C. and the 
lethal is 43.0°C. The preferred body temper- 
ature of G. polyphemus is 34-35°C. according 
to Bogert and Cowles (1947). 

Since tortoises are dependent primarily 
upon solar radiation and conduction from 
the substrate for their source of body heat 
(i.e. there is no internal mechanism for heat 
production: see Cowles and Brattstrom, 
supra cit.), and since small tortoises absorb 
heat faster than large tortoises, the presence 
of gigantic tortoises in more northern lati- 
tudes than today (Ex. Kansas in the Plio- 
cene, Montana in the Miocene, Wyoming in 
the Oligocene, etc.) suggests that the cli- 
mates were much warmer and more constant 
then.’ If it were not equable throughout the 
year and if at least partial shade in the form 
of a forest were not available, then these 
large tortoises probably could not have 
existed. Without mild, equable climates and 
shade the large tortoises, which more than 
likely did not burrow, would probably have 
absorbed too much solar radiation and 
reached their lethal temperatures. If it were 


5 It should be apparent that the tropics are not 
hotter than deserts or semideserts, but are char- 
acterized by having relatively constant tempera- 
tures throughout the year. It is in desert (and 
some subtropical) regions that the high extremes 
of temperatures are reached and the general cli- 
mate is variable. Compare, for example, the mini- 
mum and maximum temperatures recorded for 
areas in the tropics: Barbados, 61-90; Bombay, 
56-100; Colombo, 62-97; Cristobal, 66-90; Guam, 
67-94; Singapore, 66-97°F. with those recorded 
in arid regions: Cairo, 31-112; Karachi, 40-118; 
Los Angeles, 28-109; Tunis, 30-118; Death 
Valley, 15-134°F. (Data from Tannehill, 1943; 
Putnam, 1947). 
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leExtT-FIGS. 10a~f—Maps showing changes in distribution of fossil tortoises associated with changes 
in past climates as determined from paleobotanical data. Transcontinental solid line separates 
tropical from Subtropical to warm temperature areas. Short solid lines represent oceanic barriers. 
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too cool, they probably could not have 
absorbed enough heat to allow them to be 
active. 

In regard to burrowing forms, the activity 
of the modern Gopherus agassizi (as studied 
by Woodbury and Hardy, 1948; Miller, 
1932, 1955; Grant, 1936, 1946; and the 
writer) is illustrative. In the Spring it is 
active in the morning. By noon it crawls 
into the shade of a bush or rock, often scoop- 
ing out a small cavity or depression for 
shade. By mid or late afternoon the turtle 
again becomes active. At night it returns to 
its noon-type of resting spot or to its bur- 
row. In early Summer with more intense 
solar radiation and lack of great loss of heat 
from the ground at night, the time of activ- 
ity of the tortoises is greatly shortened, 
(early in the morning, for an hour at most, 
and another short period in the late after- 
noon). Mid-summer finds the tortoises 
“aestivating’’ in burrows where tempera- 
tures are lower (approximately 20°C.) than 
the lethal temperatures of the outside 
environment. In the Fall there is a period of 
activity similar to that in the early Summer. 

The Winter finds the tortoises deep in 


their burrows or dens where temperatures 
are mild (10—20°C.) while the outside en- 
vironment may reach freezing temperatures. 


CLIMATIC DISTRIBUTION OF 
FOSSIL TORTOISES 


A technique for the determination of past 
climates by the use of fossil reptiles and 
amphibians and the temperature require- 
ments of modern reptiles and amphibians 
(Cowles and Brattstrom, MS; Brattstrom, 
1956) assumes that the animals have not 
greatly changed their ecological require- 
ments during the course of their Cenozoic 
evolution. For example, if an ectotherm‘ 
occurs primarily in the tropics, it is sug- 
gested that it has probably been in tropical 
areas for most of its evolution—or that part 
of its evolution in which that particular taxa 
is recognizable. By plotting the fossils of 


* Ectotherm: a more accurate name for ‘‘cold- 
blooded vertebrates” or poikilotherms. It refers 
to the source of heat, i.e. from the outside in 
contrast to the endotherms (birds and mammals) 
where heat is generated internally (See Cowles, 
1945). 
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known climatic preference backwards in 
time, we can use this data, provided it con- 
forms with the paleobotanical data, to 
suggest past climates.® A chance to test this 
assumption in one group of Reptiles is af- 
forded by the proximity (stratigraphically 
and geographically) of fossil plant and fossil 
tortoise sites. Examination of the paleobo- 
tanical reports from the vicinity of tortoise 
deposits shows that tropical tortoises have 
apparently always lived in tropical areas and 
subtropical tortoises have generally lived in 
regions of a subtropical nature. The floras 
discussed below are fully elaborated upon in 
each of the papers mentioned, in references 
found in the papers cited, or are listed in 
Knowlton, 1919; or La Motte, 1944. 


EOCENE 


Several of the Eocene floras (Clarno, 
Jackson, Green River, Wind River, Yellow- 
stone, Wasatch, and to a lesser extent La 
Porte, Comstock, Chalk Bluffs, Clai- 
borne; MacGinitie, 1941) occur stratigraph- 
ically and geographically near sites of 
tortoise collections (Williams, 1950). The 
distribution of these floras and the distribu- 
tion of fossil Eocene tortoises (text-fig. 10) 
suggests that most, if not all, of the Eocene 
tortoises were tropical or slightly subtropical 
in distribution. 


OLIGOCENE 


A humid, warm-temperate to subtropical 
fossil flora with seasonal change in rainfall is 
well known from the Lower (or Lower and 
Middle) Oligocene Florissant beds of Colo- 
rado. In all, some 114 species are accurately 
known from this flora. MacGinitie’s (1953, 
p. 77) conclusions as to the ecology of the 
flora are, 


“The Oligocene forest occupied streamside and 
lakeside habitats in a piedmont of low relief 
and moderate elevation which bordered the 
Rocky Mountain uplift on the east. The drain- 
age was disorganized and partly ponded by 
successive volcanic outbursts which covered 
the area with dust, pumice, and mud-flows. 


5 If no fossils of reptiles are available, we can 
use this assumption to speculate on the past 
distribution of a group by plotting backwards in 
time the distribution (from Paleobotanical evi- 
dence) of certain climatic areas. (Ex. crotalids, 
Brattstrom, MS.) 
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The fossil fauna and flora were deposited in the 
resulting shallow and ephemeral lakes. The 
climate was subhumid and warm temperate, 
not unlike the present climate of Monterrey, in 
the state of Nuevo Leon, Mexico. Warm win- 
ters and hot summers prevailed, and abundant 
sunshine is indicated. The vegetation of the 
high ground, away from the stream and lake 
borders, was characterized by pine and ever- 
green oaks and was probably of an open, scrub- 
forest type, with grass and microphyll shrubs 
in the drier areas.” 


Tortoises living at about the same time 
and in the same area as the Florissant flora 
include: Gopherus laticunea, G. praeextans, 
Stylemys nebrascensis, Testudo  brontops, 
amphithorax, ligonia, cultrata, quadrata, 
exornata, thomsoni, and peragrans.® Most of 
these (Williams, 1950a) occur in the Cha- 
dron, Oreodon, or Horsetail Creek beds of 
the White River Formation. 


MIOCENE 


The Tehachapi flora (Axelrod, 1939), 8 
miles west of Tehachapi, Kern County, 
California includes: Quercus, Equisetum, 
Pinus, Cupressus, Typha, Erythea, Sabal, 
Salix, Populus, Celtis, Ficus, Persea, Umbel- 
laria, Platanus, Cercocarpus, Prunus, Bur- 
sera, Rhus, Ceanothus, and Fraxinus. The 
habitats surrounding the site of deposition, 
according to Axelrod (1939) were probably: 
Savanna Woodland, Riperian, Chaparral, 
Desert Scrub, and Arid Subtropical. This 
flora is almost in the same geographic area 
and stratigraphic level as Gopherus depres- 
Sus. 

The Mascal flora (Chaney, 1925, 1948) 
includes: Sequoia, Ginkgo, Libocedrus, Popu- 
lus, Salix, Umbellaria, Juglans, Alnus, 
Quercus, Ulmus, Liquidambar, Platanus, 
Acer, Ficus, and Aesculus. This is the flora 
that was dominant over the time and area of 
the John Day Miocene which includes 
several species of Stylemys. 

In one main canyon on the Barstow syn- 
cline there is a deposit of fossil fan palms 
(Erythea, Sabal, or Washingtonia). The 
Barstow syncline is the location of Gopherus 
mohavense and Testudo milleri. 


® It should be mentioned here that the relation- 
ships and validity of certain of the tortioses listed 
here and elsewhere is still quite uncertain. Several 
may be synonyms. This does not detract, however, 
from their use in the paleoecological discussions. 


WESTERN NORTH AMERICA 


PLIOCENE 


The Ricardo flora (Webber, 1933) in- 
cludes: Cupressus, Palmoxylon, Pinus, Quer- 
cus, and Robinia, while just some 50 miles to 
the south, the Anaverde Flora (Axelrod, 
1950b) of about the same age, includes: 
Pinus, a palm, Populus, Salix, Quercus, 
Persea, Platanus, Amelanchier, Paraphyl- 
lum, Eysenhardtia, Dodonaea, Sapindus, 
Rhus, Ceanothus, Colubrina, Rhamnus, and 
Bumelia. The Ricardo formation has yielded 
fragments of a large, unidentified tortoise. 

The Piru Gorge flora (Axelrod, 1950c) of 
southern California includes: Eguisetum, 
Sabal, Typha, Populus, Salix, Quercus, 
Persea, Platanus, Prunus, Rhus, Acer, Fre- 
montia, Ceanothus, and Arctostaphylos. This 
is stratigraphically just below the beds con- 
taining the Hungry Valley tortoise men- 
tioned above. 

The Mt. Eden flora (Axelrod, 1937, 
1950a) includes: Equisetum, Pinus, Pseudo- 
tsuga, Cupressus, Ephedra, Typha, Populus, 
Salix, Juglans, Quercus, Ficus, Persea, 
Platanus, Philadelphus, Cercocarpus, Prunus, 
Amorpha, Cercidium, Eysenhardtia, Rhus, 
Dodonaea, Sapindus, Ceanothus, Condalia, 
Rhamnus, Arbutus, Arctostaphylos, Foresti- 
era, Fraxinus, Chilopsis, and Baccharts. This 
flora is just a little younger than the deposits 
in the same area containing the tortoises 
mentioned by Fick (1921). 

The Ogallalla flora from Beaver County, 
Oklahoma and Logan County, Kansas 
(Chaney and Elias, 1938), includes: Celtis, 
Cercidiphyllum, Cyperacites, Diospyros, Frax- 
inus, Grymnoclodus, Platanus, Salix, Sa- 
pindus, Typha, Ulmus, .\cer, Bumelia, and 
Populus. These beds are just slightly older 
than the formations which in the same area 
yielded Testudo riggsi and Testudo rexro- 
adensis (Oelrich, 1957). 

The past distribution of the various 
groups of fossil tortoises, and the past dis- 
tribution of certain climates as based on the 
paleobotanical data are shown in text-fig. 10. 
It can be seen that the distribution and past 
ecology of the tortoises conforms with the 
general picture of changing climates through- 
out the Cenozoic (7.e. a tropical forest spread 
over most of North America in the Eocene 
became restricted southward through the 
course of the Cenozoic to its present posi- 
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tion; a differentiation of the various vegeta- 
tion groups or types of temperate and sub- 
tropical floras took place in the Oligocene 
and Miocene; and the present desert came 
into existence in the post Upper Pliocene. 
Axelrod, 1949, 1950d, 1952; MacGinitie, 
1941, 1953; Chaney, 1940). 


ZOOGEOGRAPHY 


Other than the fact that most tortoises are 
tropical in distribution, little can be said 
concerning the world-wide distribution of 
tortoises. This is due largely to the lack of 
knowledge concerning the relationships of 
the Old World and New World tortoises 
(Williams, 1950a, 1952). There are some 
indications, both in fossil and recent species. 
that certain Asiatic forms are similar, if not 
identical, with those of North America. 
(Gilmore, 1931, 1934; Williams, 1950a, 
1952; Oelrich, 1957). 

The most important feature of the zoo 
geography of tortoises is that imposed by 
the paleoecological discussion just pre- 
sented. For example, relatives of the Central 
and South American tortoises lacking nuchal 
scutes, or Testudo (Chelonoidis), could have 
crossed the Bering land bridge (or rafted 
across) only in Eocene or earlier times as 
this was the only time that tropical or sub- 
tropical conditions occurred in this area. In 
later times these tropical tortoises could 
probably not have crossed this area as it was 
not even suitable for them to exist in. Up to 
Middle Miocene times Gopherus, Stylemys, 
and subtropical Testudo probably could have 
crossed (or rafted across) the subtropical 
and warm temperate Bering land bridge. 
After Middle Miocene times this area was 
probably too cool for tortoises. 

The evolution of the Chelonoidis group of 
Testudo has been described by Williams 
(1950a) as, ‘‘The neotropical tortoises 
probably differentiated in Central America 
at a time when this area tended to be sepa- 
rate from both the northern and southern 
continents (Schuchert, 1935; Weeks, 1948).’ 
During this period of differentiation the 
nuchal scute was lost. Then, probably over a 
rather narrow sea gap, this progenitor of the 


7 Recent evidence (Durham, et. al. 1955) indi- 
cates that central America was probably not an 
island as there apparently was no Isthmus of 
Pehuantepec seaway. 


neotropical tortoises sent a representative 
eastward into the West Indies, the ancestor 
of T. cubensis. Southward via Panama 
another representative went into South 
America, and southwestward over a much 
larger sea gap still another to the Galapagos 
Islands. Isolated in Cuba, perhaps beginning 
with the Miocene, T. cubensis had ample 
time to develop its special characters.’’ The 
position of Testudo (.Monochelys) monensis is 
suggested by Williams (1952, p. 558); “Its 
relationships do not appear to be at all close 
to any known form, and it may well be a 
representative of an ancient independent 
line within the genus Testudo, deriving 
ultimately, no doubt, from a Hadrianus-like 
form.”’ Williams has recently suggested to 
the writer (personal communication) that, 
‘ Vonachelys may represent an invasion by 
the Central American stock, cubensis by the 
South American."’ 

The zoogeographic distribution of tor- 
toises requires that rafting or chance, waif, 
dispersal across water has occurred several 
times. The dispersal of tortoises to South 
America, Cuba, and the Galapagos Islands 
apparently was across water barriers. (Wil- 
liams, 1950a, 1952, Simpson, 1942, 1943). 
The most recent geological investigations 
(Heacock and Worzel, 1955; Shumway, 
1953) for example, indicate that there was 
probably never a land bridge to the volcanic 
Galapagos Islands. There was, according to 
these authors, a southward projection from 
Central America which was probably above 
water in late Tertiary times. This could 
afford a possible ‘‘stepping-off"’ point for the 
Galapagos fauna. The fact that tortoises can 
cross oceanic areas is evidenced by the ob 
servations of Carr (1952, p. 320), ‘‘My 
brother and I once found a giant tortoise 
swimming off a key in Florida Bay and were 
no end excited until we learned it was one of 
C. H. Townsend’s specimens introduced on 
Lignum Vitae Key.”’ And again on page 338 
in relation to Gopherus polyphemus he men- 
tions, ‘“‘“Gophers are seen with some fre- 
quency in the water, but it seems probable 
that in most such cases they merely fell in. 
The only individuals | ever saw in water 
more than shell deep were floating high and 
flapping their feet pathetically, although 
they seemed able to maintain a fairly regular 
course. On two occasions, however, I have 
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seen them in the middle of large lakes, fully 
half a mile from shore."’ 

The distribution of fossil tortoises is 
plotted on maps (text-fig. 10) along with a 
summary of the paleoclimatic conditions as 
evidenced by the paleobotanical data. 


Certain suggestions concerning the zoogeo- 
graphic and evolutionary history of tortoises 
are presented on this map as well. 
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THE BASICRANIAL ARTICULATION OF THE EARLY 
PERMIAN COTYLOSAUR, C4PTORHINUS 


JAMES W. WARREN 
Department of Zoology, University of California at Los Angeles, Los Angeles, California 


Asstract.—Excellently preserved specimens of Captorhinus sp. show the pterygoid 
to be completely excluded from the cranio-palatal articulation. This is interpreted to 
be the primitive condition which was modified in later reptiles. 

Teeth are described for the first time from the vomer, palatine and parasphenoid 


bones of Captorhinus sp. 


g ps nature of the basicranial articulation 
is not adequately known in any cap- 
torhinomorph cotylosaurian reptile. It is 
best described for Captorhinus (Romer, 
1956; Olson, 1951), although even here there 
remains some uncertainty regarding the 
incorporation of the epipterygoid into the 
joint. Detailed information on this joint in 
Captorhinus would seem to be important in 
determination of the primitive pattern of the 
reptilian basicranial articulation. The speci- 
mens of Captorhinus sp. used in the following 
description were collected from the lower 
Permian Fort Sill fissure deposits in Coman- 


che Co., Oklahoma. This paper is in part a 
direct result of the late F. E. Peabody's 
investigations into the morphology — of 
Captorhinus and I should like to acknow- 
ledge his many suggestions regarding the 
interpretations of the material. 

The epipterygoid (text-fig. 1) possesses a 


well developed, concave socket at its antero- 
medial corner for the reception of the basis 
cranii. Ventral and slightly anterior to this 


socket there is an anteriorly facing condyle. 
The iateral margin of the condyle is pro- 
jected as a small lip to form a groove sepa- 
rating the body of the condyle from an over- 
hanging shelf of the main portion of the 
epipterygoid. When the epipterygoid is in 
position on the dorsal surface of the quad- 
rate ramus of the pterygoid, this groove 
firmly clasps an indented ridge of the ptery- 
goid while the condyle fits neatly into a pos- 
teriorly facing fossa. The result of this com- 
plicated arrangement is to completely ex- 
clude the pterygoid from the basiphenoid- 
palatal articulation. Text-figure 2 is an il- 
lustration of the cranio-palatal joint slightly 
disarticulated. 

I believe that the cranio-palatal articula- 
tion exemplified by Captorhinus is primi- 
tive. The epipterygoid, ossifying from the 
palatoquadrate cartilage, was probably 
originally the sole palatal element involved 
in the joint. Knowledge of the joint in spe- 
cies of labyrinthodonts which are generally 
conceded to be close to the phyletic origin of 


lext-FiG. 1—Right epipterygoid of Captorhinus sp. X6.0. A, median aspect. 
B, anterior aspect. 
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Ventral aspect of the basicranio-palatal articulation of Captorhinus sp. X10. Posterior 
and rostral portions of the basisphenoid-parasphenoid are missing 


Reference letters: BS-PAS, 


basisphenoid-parasphenoid; EPT, epipterygoid; PT, pterygoid. 


cotylosaurs is not sufficient to cast any light 
on the matter. If, as I feel, the epipterygoid- 
basisphenoid articulation is primitive, then 
this condition has been lost and the ptery 
goid incorporated into the joint at least 
twice in reptilian evolution: once in the 
sauropsids (using the term to include the 
reptiles of diapsid affinities), although in 
some forms a portion of it may remain as the 
meniscus pterygoideus (Olson, 1951), and 
again in pelycosaurs. If, as Olson (1951) 
suggests, Captorhinoides was derived from 
Captorhinus, then the partial exclusion of 
the epipterygoid from the joint in Capto- 
rhinoides either represents a third independ- 
ent development of the same situation or 
serves as evidence to place Captorhinoides 
(and thus Captorhinus) on the direct line to 
the pelycosaurs. The latter is not a generally 


accepted hypothesis for numerous reasons 
(see Romer, 1945; Olson, 1951). 

Watson (1948) feels that the basisphenoid 
primitively articulated with both the epi 
pterygoid and the pterygoid as it seems to in 
the pelycosaur, Varanosaurus. He accounts 
for the exclusion of the pterygoid from the 
joint in other pelycosaurs by pointing to the 
relative decrease in size of the brain case and 
its resultant upward movement so that the 
basis cranii is pulled away from the ptery 
goid and onto the epipterygoid. However, 
Captorhinus, an animal with a relatively 
large brain case and lacking a deepened 
temporal region, possesses a laterally di- 
rected basis cranii which articulates solely 
with the epipterygoid, while in lacertilians 
the problem of a small brain case dorsally 
removed from the pterygoid has been solved 
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by a more ventrally directed extension of the 
basis cranii to reach the pterygoid. I, there- 
fore, suggest that the type of joint found in 
Varanosaurus is a slight modification from 
the more primitive condition still main- 
tained by the 
pelycosaurs. 


otherwise more advanced 

It is interesting to note the occurrence of 
teeth on more palatal elements in Capto 
rhinus than has been thought. They 


sporadically on the palatine and vomer and 


occur 


are seen on the parasphenoid of the speci- 


illustrated in text-figure 2. In this 


specimen there is one entire tooth remaining 
which is slightly less than 0.5 mm. at its 
base. Just anterior to this there is the empty 
socket of another tooth. The broken base of 
a third tooth is situated at the base of the 


men 


rostral process on an elevated ridge which 
serves to place it in the same plane as the 
other two teeth. Vaughn (1958) discusses the 
presence of subsphenoidal teeth in other 
reptiles. It is probably not advisable to place 
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any great phylogenetic significance on slight 
differences in palatal tooth arrangement 
owing to the likelihood of cutaneous tooth 
buds dropping out or migrating from bone to 
bone (Camp, 1923). 
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STRATIGRAPHIC IMPLICATIONS OF A PERMIAN SPONGE 
OCCURRENCE IN THE PARK CITY FORMATION 
OF WESTERN WYOMING! 


R. M. FINKS,? E. L. 


ABSTRACT 


YOCHELSON:, 


AND R. P. SHELDON® 


-The lithistid sponge Actinocoelia maeandrina Finks has been found 


recently in abundance in the Franson member of the Park City formation near 
Dubois, Wyoming. This new occurrence extends the range of the species from west 
Texas, southern New Mexico, northern Arizona, and southern Nevada to western 
Wyoming. All previous occurrences are from rocks datable as late Leonard or early 
Guadalupe (Brushy Canyon). The new occurrence suggests that the Franson mem- 
ber in this area is late Leonard or early Guadalupe age. Stratigraphic and paleonto- 
logic evidence indicates that the sponge is essentially confined to deposits made in 
shallow, clear water of normal marine salinity with an abundant shelly fauna. It 
is likely that this sponge can be used as an index to the upper Leonard to lowermost 
Guadalupe interval throughout the Cordilleran area, and as an indicator of a shelt 


or a shell-bank environment. 


INTRODUCTION 
fifty specimens of the lithistid 
sponge Actinocoelia maeandrina Finks, 
1960, recently have been collected from a 
locality in the Park City formation in the 
Wind River Mountains near Dubois, Wy- 
oming. The collection is noteworthy for 
several reasons: it is the only known occur- 
rence of whole sponges in the Park City 
formation; it is the first recorded occurrence 
of specifically identified Permian sponges in 
northwestern United States; it considerably 
extends the geographic range of a species 
previously known only from the southwest- 
ern United States; it suggests that the 
Franson member of the Park City formation 
in this area is an approximate stratigraphic 
and (or) ecologic equivalent of the Kaibab 
beta of the lower part of the San Andres lime- 
stone, of the Victorio Peak gray member of 
the Bone Spring limestone and of the upper 
part of the Leonard formation; and it sug- 
gests that Actinocoelia maeandrina may 
prove to be a useful horizon-marker and (or) 
ecologic indicator throughout the Cordil- 
leran region. 


THE DUBOIS LOCALITY 
This locality was first recorded by Love 
(1939, p. 34), who presented a faunal list 


' Publication authorized by the Director, U. S. 
Geological Survey. 

* Department of Geology, Brooklyn College, 
Brooklyn 10, N. Y. 

U.S. Geological Survey, Washington 25, D. C. 


that included two unidentified species of 
sponges. To the knowledge of the writers, 
the locality had not been reexamined until 
Sheldon and Yochelson did so in 1959. 
Fossils were collected by them along both 
sides of a fence line in the SW}, sec. 23, T. 
41 N., R. 107 W. (U.S. Geological Survey 
locality 18605-PC). The locality lies just 
within the boundary of the Washakie 
Division of the Shoshone National Forest 
and is reached by taking a dirt road for 3.5 
miles southwest of Dubois, Wyoming, to 
the spur northwest of Jakey’s Fork. 

This spur is part of a general dip slope on 
the east flank of the Wind River Mountains, 
developed on the upper surface of the resist 
ant cherty limestones of the Park City 
formation, dipping off the flanks of the 
mountains. Much of the dip slope is covered 
with a veneer of Tertiary gravel, but near 
the upper edge of the dip-slope proper, rock 
debris characteristic of the Park City forma 
tion is scattered over the surface. At an 
elevation of about 8400 feet the surface 
begins to slope more gently, cutting across 
the underlying beds. The sponge locality lies 
just beyond this crest of the dip surface, 
and is separated from it by a faint linear 
swale following the strike of the beds (text- 
fig. 1). Chips of phosphatic shaie flcat in this 
depression suggest that it follows the trace of 
the Retort phosphatic shale member of the 
Phosphoria formation, that the cherty 
limestone forming the dip slope is the over 
lying Ervay carbonate rock member of the 
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TEXT-FIG. I 


OCCURRENCE, WYOMING 


Generalized cross-section at Dubois, Wyoming sponge locality; 


1, Tensleep sandstone 2, 


Grandeur member of Park City formation (20 feet) and Meade Peak phosphatic shale member of 
Phosphoria formation (10 feet) combined; 3, Franson member of Park : ity formation (60 feet); 


#, Retort phosphatic shale member of Phosphoria formation (20 feet); 


Tosi chert member of 


Phosphoria formation (40 feet); 6, Ervs ay carbonate rock members of Park ¢ ity formation (40 feet); 
7, Upper edge of dip slope on east side of Wind River Mountains; 8, fence line. Occurrence of 
sponges indicated by stars. Horizontal scale about 50 feet to the inch. Stratigraphic thicknesses from 


Park City formation, and that the sponges 
come from the top of the underlying Franson 
member of the Park City. All the collections 
were made from abundant float only, be- 
cause no true outcrops are present, but the 
localized distribution of the sponges and the 
relatively gentle slope in the vicinity make it 
likely that the float is essentially in place. 
The nearest true outcrop, a few hundred feet 
northwest, is of the Tensleep sandstone, the 
formation beneath the Park City. Strati- 
graphic nomenclature of the Phosphoria and 
Park City formations is given in more detail 
by McKelvey and others (1959). 

The determination of the position of the 
sponge-bearing beds with respect to the local 
been made on the basis of its 
the Tensleep sandstone 
and the phosphatic shale. The stratigraphic 
interval between the nearest outcrops of the 
Tensleep and the swale containing phos- 
phatic shale float corresponds approximately 


section has 


position between 


to the known thickness of the Franson mem- 
ber, as exposed at an excellent section of the 
Park City on the west flank of Whiterock 
about 20 miles south of Dubois (see Rich- 
mond, 1945), where the Franson is 60 feet 
thick. About ten feet below the top of the 
Franson at Whiterock a light gray limestone 
carries a brachiopod and bryozoan fauna 
essentially the same as that associated with 
the sponges. The uppermost beds of the 
Franson, immediately below the Retort 
phosphatic shale member, are crowded with 
Neospirifer. At Dubois the Neospirifer- 
bearing beds, are represented by float blocks 


unpublished isopach maps prepared by R. P. Sheldon. 


lying on the slope between the sponges and 

the phosphatic shale. 
Characteristic specimens of 

maeandrina from the 


Actinocoelia 


Dubois locality are 
illustrated as text-figure 2 
DISTRIBUTION AND STRATIGRAPHIC RANGE 


OF ACTINOCOELIA MAEANDRINA 


Actinocoelia maeandrina has been found at 
localities from west Texas north through the 
Cordilleran region to Wyoming 
(text-fig. 3). The westernmost occurrence is 
in southern Nevada. All these occurrences 
appear to be confined stratigraphically to 
time equivalents of the upper part of the 
Leonard, and Brushy Canyon, 
formations of the standard section. 

No certain occurrences of this species are 
known from the standard section of the 
Permian in the Glass Mountains (1 on text- 
fig. 3). A related species, however, ?Actt- 
nocoelia verrucosa Finks, 1960, is known from 
the upper part of the Leonard formation. 
Restudy of the Leonard collections reveals 
individuals somewhat intermediate in form 
between 7.1. verrucosa and maeandrina ; 
the two species may therefore be more 
closely related than assumed earlier by 
Finks (1960). 

Twenty-five out of thirty specimens of A. 
maeandrina described by Finks were col- 
lected from eight separate places in the 
Victorio Peak gray member of the Bone 


western 


possil ly 


Spring limestone in the Sierra Diablo, > the 
northwest of the Glass Mountains (loc. 2 on 
text-fig. 


3). The Victorio Peak member is 


: 
¢ 
3 
; 
565 
N 
Ww 
8 
| 
i : 
4 
M 
3 
3 
: 
ay 
a 


FINKS, YOCHELSON, AND SHELDON 


PEXT-FIG. 2 


Actinocoelia maeandrina Finks from Dubois, Wyoming, U.S.G.S. locality 18605-PC. 


A, exterior, showing characteristic surface texture, U.S.N.M. No. 143219a. 1; B, sagittal section 
of another specimen, showing the wide radial canals and narrow intervening trabeculae characteristic 


of this species, U.S.N.M. No. 143219b. «1 


commonly correlated with the upper part of 
the Leonard formation, on the basis of both 
fossil content and stratigraphic position. A 
few specimens of A. maeandrina from the 
Victorio Peak show some resemblance to 7A. 
verrucosa of the Leonard formation, a fact 
which tends to strengthen the correlation of 
the Victorio Peak member with the upper 
part of the Leonard. One specimen of 4. 
maeandrina was collected many years ago 
from Shirttail Canyon in the southern 
Guadalupe Mountains to the north of the 
Sierra Diablo (locality 3 on text-fig. 3). It is 
from dark colored limestone within the Bone 
Spring formation, but columnar 
shown by King (1948, plate 8) suggest that 
this locality is correlative with the lower 
part of the Victorio Peak gray member 
occurring a few miles to the north. This is 
the only occurrence of the species known 
from a basin facies lithology rather than 
from a light shelf-facies limestone. 

The type locality of Actinocoelia maean- 
drina isin the lower part of the San Andres 
formation transition facies (of Boyd, 1958, 
page 24) in Last Chance Canyon, central 
Guadalupe mountains, in southern New 
Mexico (locality 4 on text-fig. 3). The two 
most recent studies of the San Andres lime- 
stone in this area (Boyd, 1958, p. 63; Hayes, 
1959, p. 2212) correlate the lower part of the 
San Andres, on physical stratigraphic 


sections 


grounds, with the Cutoff shaly member of 
the Bone Spring limestone or possibly with 
the uppermost part of the Victorio Peak 
member beneath the Cutoff. Paleontologic 
evidence cited by these authors, and ob- 
served by the present writers, indicates that 
the lower part of the San Andres is either 
uppermost Leonard or lowermost Guada 
lupe (Brushy Canyon). 

The next known occurrences of this 
species to the northwest are in the Kaibab 
limestone, beta member of McKee (1938, 
page 13), of the Grand Canyon region in 
northern Arizona (locality 5 on text-fig. 3). 
One specimen was illustrated by McKee 
(1938, pl. 24, fig. a) who reported their 
widespread occurrence in the beta member 
(facies no. 1) of the Kaibab. Examination of 
collections of the U. S. Geological Survey, 
and of the Museum of Northern Arizona, 
confirms the abundant presence (more than 
160 specimens from at least two localities) of 
A. maeandrina in the beta member of the 
Kaibab of the Grand Canyon area. McKee 
(1938, p. 155) also cites the 
sponges in the Kaibab 
adjacent parts of Nevada and Utah. Exami- 
nation of the U. S. Geological Survey collec- 
tions referred to by McKee shows that 
Actinocoelia maeandrina is present at Good- 
springs, Nevada (one specimen), but not in 
any of the Utah collections cited. McKee 


presence of 
limestone of the 
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PeEXT-F1G. 3—Localities cited in text; /, Glass 
Mountains; 2, Sierra Diablo; 3, Southern 


Guadalupe Mountains; 4, Central Guadalupe 


Mountains; 5, Hermit Trail area, Grand Can- 
yon; 6, Goodsprings area; 7, Dubois. Actino- 


coelia maeandrina Finks has been found at lo- 


calities. 2-7 


(1938, p. 171) considers the Kaibab to be the 
time-equivalent of the upper part of the 
Leonard formation on both paleontologic 
and stratigraphic grounds. 

No occurrences of this species are known 
between northern Arizona and the Dubois 
locality of western Wyoming (locality 7 on 
text-fig. 3). Because all other known occur 
rences of the sponge are restricted to beds 
assignable to upper Leonard or basal Guada- 
lupe age, the Franson member of the Park 
City formation in this vicinity is here as- 
sumed to lie within this stratigraphic in- 
terval. 

The apparent vertical restriction of 
Actinocoelia maeandrina in the area of the 
standard section in west Texas cannot be 
ascribed to lack of collecting, for a rich 
sponge fauna is known from the immediately 


underlying and overlying beds (Finks, 
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1960). Its faunal associates elsewhere indi- 
cate a correlation with the same part of the 
standard section. It would seem, therefore, 
that the occurrence of this species represents 
a true time-stratigraphic zone. It is possible 
that the sponge and some of its associates 
are facies-controlled, and that the Acti- 
nocoelia maeandrina zone is time-transgres- 
sive. However, since physical stratigraphy 
tends to confirm paleontological correlations 
made at each of the presently-known occur- 
rences, an time-equivalence 
seems likely. 


approximate 


ECOLOGICAL IMPLICATIONS 


The occurrence of Actinocoelia 
drina seems to be restricted not only time- 
stratigraphically but also ecologically. All 
the occurrences but one are in light, shelly 
which both faunal and 
physical evidence of deposition in shallow 
water of normal salinity. The single excep- 
tion is from the Bone Spring limestone, of 
basin facies aspect, at Shirttail Canyon, 
Southern Guadalupe Mountains, referred to 
in the preceding section; the specimen may 
have been washed in from the nearby shelf 
area. Both the Victorio Peak and the transi- 
tion facies of the San Andres form a narrow 
zone, interpreted as a shell-bank, between a 
one 
side and a hypersaline shelf area on the other 
(King, 1942; Newell and 1953; 
Stehli, 1954; Boyd, 1958). 

The sponges at the Dubois locality have 
overgrown numerous colonies of a branching 
stenoporoid bryozoan (identified by Helen 
Duncan, U. S. Geological Survey), shells of 
the pelecypod Celtoides, and the brachiopods 
Derbyia and Spiriferina, as well as crinoid 
stems. The frequency of the incorporation of 
into the sponge 
suggests a rich shelly fauna living on a firm 
bottom. Some specimens bear shells incor- 


maean 


limestones, give 


deeper-water, semistagnant basin on 


others, 


other organisms bodies 


porated on opposite sides of the body, 
suggesting that they 
wave agitation in shallow water during their 
lifetimes. The composition of the associated 
fauna implies a normal marine environment. 

It is likely that the Dubois locality, as well 
as any locality in which this sponge may 
occur in abundance, represents a shallow 
water shelf environment of normal salinity, 
with little terrigenous sedimentation. 


were rolled over by 
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CONCLUSIONS 


Because <Actinocoelia maeandrina is of 
widespread occurrence in the Cordilleran 
region in rocks classified as late Leonard or 
early Guadalupe (Brushy Canyon) on the 
basis of other evidence, it may indicate a 
fairly limited stratigraphic zone which will 
prove useful in correlation. Wherever it 
occurs in abundance, the sponge probably 
indicates a clear and shallow water environ- 
ment of normal marine salinity. Because of 
its potential usefulness, this easily recogniz- 
able sponge should be searched for at locali- 
ties of probable or possible Middle Permian 
age. 
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ROUSSEAU H. FLOWER 


ABSTRACT 


New Mexico Institute of Mining and Technology, Socorro, N. Mex. 


Division of the Cephalopoda into Tetrabranchiata and Dibranchiata 


involves implications as to the nature of unknown soft parts of fossil forms. Factual 
and theoretical evidence combine to suggest that many of the features of the 
Dibranchiata may have developed in their ancestors included in the Nautiloidea, 
and that many of the features of Nautilus are derived, possibly connected with cru- 
cial changes in mode of life now known to have occurred in its ancestry. 

Use of similar divisions to separate forms with external versus internal shells also 
involves inferences; recent work has shown this boundary one difficult to draw in 
relation to primitive belemnites and some supposed bactritids. 

It is urged that the tripartite divisions of the Cephalopoda into Nautiloidea, 
Coleoidea and Ammonoidea is in closer accord with ascertainable facts, and avoids 
attributing some 3000 extinct genera to a group characterized by the four gills 


observable only in one genus, the living Nautilus. 


CLASSIFICATIONS 


IVING cephalopods are readily divided into 
- two great groups, the Tetrabranchiata 
and the Dibranchiata. The Tetrabranchiata. 
represented by only one living genus, 
Nautilus, has an external chambered shell. 
an eye without a solid lens, four gills, a four- 
chambered heart, and numerous tentacles. 
The Dibranchiata have the shells internal or 
wanting, the eye has a solid lens, there are 
two gills and a two-chambered heart: tenta 
cles are few, ten or eight in number. 

In number of genera and species, the 
living cephalopods are far outnumbered by 
the known fossil forms. They are, of course. 
known almost exclusively from their shells 
alone. Direct information on the soft parts is 
limited to perhaps a dozen species known 
from propitiously preserved specimens, all of 
which are obviously members of the Di- 
branchiata. For the vast number of fossil 
forms assigned to the Tetrabranchiata there 
is no direct evidence of number of gills or 
other soft parts. Therefore the suggestion 
was made that a much more realistic classi- 
fication would be one in which terms imply- 
ing knowledge of the number of gills was 
avoided, and it was proposed that the 
Cephalopoda should be divided into three 
equivalent groups, Nautiloidea, Ammonoi- 
dea and Coleoidea. Much progress has been 
made in the understanding of cephalopods 
since Waagen made this suggestion, but it is 
still valid, and, indeed, merits of this system 
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have been strengthened rather than weak- 
ened by later findings. 

Of late several students of the cephalo- 
pods have shown a preference for the older 
dichotomous division of the cephalopods. It 
is the purpose of the present work to outline 
the situation, some problems involved, 
which indicate that the recognition of a 
tripartite division of the Cephalopoda is 
preferable as a closer expression of the 
known morphological facts, and one less 
involved with assumptions which are not 
only incapable of proof, but seem to be open 
to most serious question. 


THE COLEOID LINEAGE 


It has been accepted for a long time that 
the first coleoids, the first cephalopods with 
internal shells, must have developed from 
orthoconic ancestors within the Nautiloidea. 
It is now possible to trace the development 
of the stock with more assurance, and in 
more detail, back to the oldest and most 
primitive cephalopods known. The steps in 
evolution may be summarized as follows: 

The archaic cephalopods are those in- 
cluded in the Ellesmeroceratida. Here are 
endogastric to straight shells, with ventral, 
primitively marginal siphuncles. Shells are 
closely septate, most of them are small. The 
known Cambrian forms are primarily tiny 
shells, most of them less than a half-inch in 
length, the largest probably not more than 
three inches. Close septa suggest that even 
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if gas was present in the camerae, phragmo- 
cones were not buoyant enough to require a 
vertical position of the shell in life. 

With wider spacing of septa and develop- 
ment of a long phragmocone, shells became 
significantly buoyant. Here various speciali- 
zations became manifest. Long straight 
shells, held horizontally in life, were devel- 
oped, but to maintain the horizontal shell 
position, the apices had to be weighted in 
various ways. Three different methods were 
developed in three great orders, endocones in 
the Endoceratida, annular deposits in the 
large siphuncles of the actinoceroids, aided 
by deposits in the camerae, and cameral 
deposits in the Michelinoceratida, in which 
siphuncles were dominatly small and slen- 
der. Another line, to be considered more 
fully in connection with the ancestry of 
Nautilus, was marked by the development of 
exogastric cyrtoconic shells, with the apex 
up and the aperture directed obliquely for- 
ward and downward in life. 

The endoceroids and actinoceroids gave 
rise to nothing higher; the first group, 
though prolific in the Canadian, and giving 
rise to the largest known straight shells in 
the Ordovician, did not survive the close of 
that period. The actinoceroids were ex- 
tremely diverse in the Ordovician, decline 
after the close of the Silurian, but the group 
continued in to the late Paleozoic, the 
youngest forms occur in the basal Pennsyl- 
vanian strata. 

The Michelinoceratida is a great lineage, 
as yet not perfectly understood insofar as 
diverse structures are concerned, and line- 
ages within it can be traced only in broad 
terms. It is, however, evident that it gave 
rise to two groups with quite similar phrag- 
mocones, the bactritids and the first belem- 
noids. Both have presumably, apices in 
which the swollen protoconch was recogniz- 
able. This development, however, is a 
relatively ancient one; such protoconchs 
have been found in generalized Michelino- 
ceratida as far back as the late Trenton 
(Ruedemann, 1912). Phragmocones agree 
further in a ventral siphuncle and a tend- 
ency for development of a compressed cross 
section; sutures may be straight or faintly 
sinuate. Phragmocones of this type are 
common to the bactritids and the belem- 
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certainty to one group to the exclusion of the 


other (Flower and Gordon, 1959). True 
bactritids, as known from the Devonian, 
have all the features of external shells. Some 
are very thin shells, which might have been 
internal, but some others are thick, and 
show growth lines quite like 
straight nautiloids in which there has never 
been reason to question the external position 
of the shell. A good many Devonian forms 
are known to possess long slender living 
chambers. 

The oldest known belemnites, those of the 
Mississippian, develop rostra of appreciable 
size. Within, the phragmocones show the 
general pattern of bactritid or supposed 
bactritid shells. Some forms, notably Bactri- 
timimus, are known mainly from bits of 
phragmocone. Indeed, only fragments of 
rostrum on one of the five specimens repre 
senting the genus Bactritimimus show that 
the rostrum was present, and that the shell 
was internal. Without this specimen, the 
phragmocones would certainly have been 
placed in the family Parabactritidae. 

Not much is known of the anterior ends of 
the oldest belemnoids. Eobelemnites shows by 
its growth lines that the anterior end was 
probably extended into a long proostracum 
on the dorsum, with a shorter one on the 
ventral side. For other genera even this bit 
of evidence is wanting. It is, however, 
evident that the conotheca extended as a 
wall, continuous around its circumference, 
some distance anterior to the last septum. 
How far it extended is not known; all speci- 
mens so far found are broken anteriorly. It 
is, however, evident that these older belem- 
noid phragmocones agree in general features 
with shells constituting the family Parabac- 
tritidae. Such shells were regarded as exter- 
nal, and as a group of the bactritids. Living 
chambers are cited as evidence of the exter- 
nal nature of the shells. To this, two objec- 
tions can be raised: (1) the figured specimens 
show as “‘living chambers’ only aseptate 
forward extensions of a conotheca not 
materially longer than those seen in the 
belemnoid Bactritimimus. (2) Is an anterior 
aseptate conical part of a shell which could 
be called a living chamber certain evidence 
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that the shell was external? The assumption 
that it necessarily constitutes such evidence 
is questionable. 

Certainly the presence of a rostrum is 
clear evidence of the internal nature of a 
straight chambered shell. Absence, or ap- 
parent absence, of a rostrum is inconclusive. 
It has been assumed that as soon as the 
mantle grew over the ancestral “orthoceran”’ 
shell it began to secrete a rostrum, and that 
the tubular long living chamber was reduced 
to a proostracum, but we have no assurance 
that these two distinct developments did not 
follow enclosure of the shell by the mantle, 
possibly there might have been a consider- 
able delay in time involved. Tubular ante- 
rior empty bits of shell which could be called 
living chambers have been attributed to 
Triassic belemnites from time to time; to- 
day it seem that most, if not all, such in 
stances result from misidentification of 
living chambers of associated Michelino- 
ceratidae with the belemnites, but the 
possibility that such anterior conical asep- 
tate bits of shell were retained in the older 
belemnites is one not to be dismissed too 
readily. Present evidence seems to suggest 
that the entire Parabactritidae might be 
based upon belemnite rather than bactritid 
phragmocones, but the rostrum was exfoli- 
ated from all known specimens. 

It is sufficient, without exploring further 
perplexities of the problem of distinguishing 
the early belemnitids from real and suspect 
bactritids, to note a strong general similarity 
of phragmocones, suggestive of a very close 
relationship; further, this relaionship is 
continued into certain forms in the Micheli- 
noceratida, two genera, one as yet unpub- 
lished, including Orthoceras winchelli, Meek 
and Worthen, the other the genus Arkono- 
ceras, approach rather closely to the com- 
mon pattern shown by the oldest belemnites 
and the bactritids. In digression, it may be 
noted that while the origin of the bactritids 
in the Michelinoceratida seems to be beyond 
dispute, the position of these shells as 
primitive ammonoids remains highly ques- 
tionable, though the thesis is still not with- 


out its proponents. However, present evi- 


dence indicates that similar as are the 
bactritids and simpler Ammonoidea_ in 
internal organization, there remains a wide 
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gap in sheil form, for cyrtoconic bactritids 
are not known, and the most loosely coiled 
ammonoids are  gyrocones. Elsewhere, 
(Flower, 1955) I have shown reasons why 
the transition from a cyrtocone to a gyro- 
cone was saltational, but acceptance of this 
wider gap in form types highly 
suspicious, and indicative of homeomorphy 
rather than a real realtionship.* 

Difficulty in distinguishing the first 
belemnoids from associated types with 
external shells is significant in two ways. (1) 
It shows the real relationship of the first 
belemnites with forms with external shells 
which should properly be included in the 
Michelinoceratida. Further, the transition 
was a simple one, not involving any great 
change in the mode of life. Michelinocera- 
tida were dominantly nektonic organisms, 
and the shell, with its apex weighed by 
cameral deposits, was held horizontally in 
life. (2) The first belemnoids lived in much 
the same way, but the rostrum became the 
main factor in hydrostatic adjustment. 
Cameral deposits are still retained, but they 
are thin, and plainly merely vestiges re- 
tained as a no longer needed inheritance. 
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THE NAUTILUS LINEAGE 


It is now evident that Nautilus is the last 
of a long line of coiled shells which we can 
trace back with some certainty to Centro- 
ceras and the Centroceratidae in the Middle 
Devonian. The ancestry of Centroceras is less 
clearly indicated by adult or ontogenetic 
similarities, but there is hardly any other 
possible ancestor than the earlier Devonian 
members of the Rutoceratidae. Origin of the 
Rutoceratidae was for long a problem, be- 
cause ancestry was sought in older coiled 


* Since this was written, an apparent contra- 
diction of the above statement has come into my 
hand, a significant contribution by H. K. Erben 
(Primitive Ammonoidea aus dem Unterdevon 
Frankreichs und Deutschlands, Neues Jahrb. 
Geol., Palaont., Abh., vol. 110, p. 1-128, 6 pls.) 
in which is described the genus Cyrtobactrites. 
This genus contains curved shells, extremely 
slender. One specimen describes a half volution, 
and there is no certainty that it is complete. 
regard Cyrtobactrites as a gyroconic shell, allied 
to Kokenta. A wide gap in form separates both of 
these genera from the perfectly straight Bac- 
tritidae Bactrites, Lobobactrites and Pseudobac- 
trites. 
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shells, and none were known which showed 
the proper morphological features. Instead, 
it was found that the expanded siphuncles 
and actinosiphonate deposits found in some 
of the older Rutoceratidae pointed to an 
ancestry where it was least suspected, in the 
group of cyrtochoanitic cyrtocones of the 
Ordovician, the Oncoceratida. This order is 
further traceable back to the Basslerocera- 
tidae, of the Canadian, the first truly exo- 
gastric cyrtocones, and that family finds its 
origin in the archaic Ellesmeroceratida. In 
tracing this progression forward, it is evident 
that there are two points at which marked 
changes in shell form and, from all analogy, 
in mode of life occurred. The first is the 
development of the exogastric cyrtocone, in 
which the apex of the shell was pointed 
upward, and the aperture faced obliquely 
down and forward. The second is the devel- 
opment of a shell of more than one volution, 
and here the aperture was essentially verti- 
cal, facing directly forward. 


SOFT PARTS 


The inclusion of fossil cephalopods (Nau- 
tiloidea and Ammonoidea) with external 
shells in the Tetrabranchiata, and even the 
inclusion of a respectable group of such 
forms in the Nautiloidea, results every now 
and then in the temptation to attribute to 
either or both of these categories the features 
of the soft parts known from Nautilus. Thus 
one encounters every now and then asser- 
tions that all of the “‘Tetrabranchiata”’ had 
the many short tentacles of Nautilus, the 
simple eye, the four gills and other anatomi- 
cal similarities. Yet theoretical considera- 
tions should lead us to view these conclu- 
sions with suspicion. It is, after all, in 
connection with changes of the mode of life 
that profound anatomical changes are cor- 
related; we find them strikingly displayed, 
furthermore, in the parts of the animal which 
come into closest contact with the environ- 
ment. Striking and familiar examples are the 
changes in the feet and teeth of the Mam- 
malia, but connected with the grazing habit 
of the ruminants are some bizarre specializa- 
tions of the digestive tract. If we are to 
review the evolution of the cephalopods and 
postulate similar points, marking changes in 
the mode of life as places where one may 
expect to find great potential modifications 


of structure of the main body of the animal, 
where will they be located? In the ancestry 
of the Coleoidea one finds the primitive 
endogastric cyrtocones giving rise to straight 
shells, held horizontally in life in stocks 
which were dominantly at least quite motile, 
if not altogether nektonic. No profound 
change in mode of life marks the inception of 
the first Coleoidea. It seems then quite 
reasonable to believe that the ancestors of 
the Coleoidea might well have possessed 
many of the features of that group, even 
though, because they have external shells, 
they have been called Tetrabranchiata and 
Nautiloidea, and from the application of 
these terms the reverse has been widely 
assumed. In the ancestry of Nautilus, how- 
ever, there have been two points, the devel- 
opment of the exogastric cyrtocone (first 
apparent in the initiation of the Basslero 
ceratidae in the Middle Canadian) and then 
of the first coiled shells (the first Rutocerati 
dae, in the Devonian) mark two 
changes in the mode of life. With either or 
both of these, there is a great potential for 
specializations in the soft parts, 

Some propitiously preserved specimens of 
belemnites and other fossil Coleoidea show, 
to varying extents, an organization agreeing 
with that of living forms, a relatively small 
number of arms, development of an ink sac. 
Such evidence as is afforded by these speci- 
mens indicates a general accord of body 
organization with that of living representa- 
tives. It is not too much to hope that these 
features were shared by archaic members of 
the group, and even their ancestors in the 
Michelinoceratida. Until quite recently 
there has been no indication of the structure 
of any of the soft parts of any of the cephalo- 
pods with external shells. Recently the 
writer (Flower, 1955a) described trails and 
tentacular impressions attributed to straight 
cephalopods in the Cincinnatian. They 
suggest a motile mode of life, not unlike that 
of living Coleoidea, and markings inter- 
preted as tentacle impressions indicate that 
there were relatively few arms as in the 
squids, not many short arms as in Nautilus. 
If these impressions are correctly inter- 
preted, and no better explanation has been 
proffered, they support the suggestion that 
tentacle arrangement of the coleoids goes far 
back in the nautiloid ancentry of the stock. 
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Reasons for regarding Nautilus as special- 
ized in accordance with changes in mode of 
life, suggest that the coleoid pattern might 
be more primitive than had been generally 
supposed. At the time when the trails were 
described they were attributed to Orthony- 
byoceras, the dominant orthoconic cephalo- 
pod of the Cincinnatian. The generic assign- 
ment seems beyond reasonable doubt, but 
there is some uncertainty as to the position 
of the genus. It has previously been regarded 
as an actinoceroid. If this is true, it is not in 
the direct ancestry of the coleoids, but an 
independent line, and to connect it with the 
coleoids the ancestry of the genus must be 
traced back through the more primitive 
actinoceroids into the Ellesmeroceratida, 
and thence forward through the Michelino- 
ceratida. This attribution may be ques- 
tioned from recent evidence which, though 
incomplete, suggests that Orthonybyoceras 
may not be an actinoceroid, but instead a 
development within the Stereoplasmocera- 
tidae, a family of the Michelinoceratida 
characterized by an expanded siphuncle and 
rather singular siphonal deposits. This 
family was differentiated by Chazyan time, 
and extends up through the higher Ordovi- 
cian, and its last known descendant, the 
rather aberrant genus Cyrtactinoceras, is of 
late Middle Silurian age. Thus while the 
general coleoid pattern of tentacle arrange- 
ment is not necessarily archaic in regard to 
the cephalopods, it is at least one fundamen- 
tal to the Michelinoceratida from a point 
close to the inception of that order.* 

There is still no evidence as to the tentacle 
number in the archaic ellesmeroceroids and 
their short-lived descendants comprising the 
orders Discoscrida, Endoceratida, and Acti- 
noceratida, but the form changes in the 
ancestry of Nautilus leave it somewhat 
simpler to believe that these orders had 
tentacles of the coleoid pattern rather than 
of the type found in Nautilus. 

There is, then, reason to believe that the 


* Recent work shows the first of the Michelino- 
ceratidae, not previously known with certainty 
prior to the pre-Chazyan and post-Canadian 
Whiterock intervals, in beds of latest Canadian 


age. The forms involve the first of the true 
Michelinoceratidae, and the first of the Troeds- 
sonellidae. Details will be presented on another 
occasion. 
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tentacle pattern of the coleoids was devel- 
oped in the ancestral Michelinoceratida, 
and that it might reasonably have been a 
feature of primitive nautiloids in general. It 
makes even more precarious than before the 
assumption that gills and other soft parts of 
the extinct cephalopods with external shells 
necessarily duplicate those of Nautilus. The 
implications involved in the inclusion of 
these forms in the ‘‘Tetrabranchiata”’ then 
appears even more misleading than it did 
before. 
EXTERNAL VERSUS INTERNAL SHELLS 

It has been suggested that Dibranchiata 
and Tetrabranchiata are convenient terms, 
because of their long familiarity, for cepha- 
lopods separated on the basis not of gill 
number necessarily, but of those with 
external versus internal shells. 

In doing so, we are merely replacing one 
inference for another. It is, to be sure, a 
logical inference, but suggestions have been 
made from time to time, to the contrary. 
Prell (1921) suggested that the visored 
brevicones, which he treated as Phragmo- 
ceras in the broad sense, had internal shells. 
The suggestion has been made that Ammo- 
noidea might be Dibranchiata. Today, 
neither suggestion seems convincing, but 
opposing evidence is supposition rather than 
fact. Difficulties in distinguishing from 
fragmentary remains, with which we are 
oblighed to deal, the primitive belemnites 
and the bactritids in the Mississippian offers 
another facet to the perlexing aspects of the 
problem. The separation of external from 
internal shells is not a simple matter, and 
the problems involved are perplexing enough 
to leave it a somewhat embrarrassing point 
to draw a line between major categories. 

One may also suggest that, if such a 
division is to be accepted for the Cephalo- 
poda, why would it not be an equally ap- 
propriate division in other molluscs. We 
could, by this means, evolve major groups of 
the Pelecypoda including most forms in one 
group and Teredo and its allies in the other. 
We could divide the gastropods in the same 
way. Probably nothing of the sort has been 
suggested because in both Gastropoda and 
Pelecypoda the forms which have shells 
internal or wanting are relatively small 
groups. 
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SUMMARY 


Divisions of the Cephalopoda into Nauti- 
loidea, Ammonoidea and Coleoidea produces 
a system which, in relation to the Tetra- 
branchiata and Dibranchiata, is relatively 
factual. True, there remain perplexities, but 
they are lessened, and major categories are 
less dependant upon inferences which seem 
highly questionable. A problem still exists 
as to whether some straight shells were 
external or internal, whether perhaps in- 
ternal shells developed some time before the 
initiation of the rostrum. Here this point 
may be avoided, regarding the Coleoidea as 
beginning only with the inception of the 
secretion of the rostrum, which, as a new 
addition to the shell pattern, supplies a more 
convenient point of demarcation than 
speculations as to the internal or external 
nature of the shells. Perhaps our supposi- 
tions on these matters are far from the facts. 
Without living forms, would it have been 
clear that the shells of Cypraea and its allies 
were covered by a mantle in life? Except for 
differences of opinion as to the role of the 
Bactritids, there seems to be little confusion 
as to the limits of the Ammonoidea, though 
it seems that the independent origin of the 
clymeniids remains a possibility not yet fully 
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investigated. With these reservations, there 
seems little difficulty in recognizing the 
scope of the Ammonoidea. 

With recognition of three major divisions 
of the cephalopods, one great vexation is 
removed. We are no longer employing the 
Tetrabranchiata in which the number of 


gills known from the one living genus is 
attributed by wishful thinking to the more 
than 3000 extinct genera. Surely it is time 
that paleontological works abandon a clas- 
sification of the cephalopods on the basis of 


the number of gills which we hope they had. 
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INTRODUCTION 


URING a recent investigation by the 
D present author of the cranial morphol- 
ogy of North American hadrosaurs, Dr. 
Rainer Zangerl, of the Chicago Natural 
History Museum, called the author's atten 
tion to a nearly complete skeleton of Para- 
saurolophus in the collections of that institu 
tion. Originally discovered and collected by 


Mr. C. H. Sternberg in 1923 from the 
Fruitland formation of northwestern New 
Mexico, this specimen had only recently 


been prepared and no formal announcement 
of its discovery had been published. This is 
the known hadrosaur to be 
recovered from. the although 
fragmentary hadrosaurian have 
been known from this formation for many 
years. 

Comparison of this specimen with the 
other species of Parasaurolophus (P. walkeri 
from the Belly River of Alberta and P. 
tubicen from the ¢ jo Alamo of New Mexico) 
that it new 
hadrosaurian species. The present paper is 


crested 
Fruitland, 
remains 


first 


demonstrates represents a 
presented as a preliminary announcement of 
this new species. A more detailed study of 
this specimen is planned for future publica- 
tion. 


SYSTEMATIC DESCRIPTION 
Class REPTILIA 
Order ORNITHISCHIA 
Suborder ORNITHOPODA 
Family HADROSAURIDAE Cope, 1869 
Subfamily LAMBEOSAURINAE Parks, 1923 
Genus PARASAUROLOPHUS Parks, 1922 
PARASAUROLOPHUS CYRTOCRISTATUS 
Ostrom, n. sp. 
Text-fig. la 
Holotype- 


seum, No 


Chicago Natural History Mu- 
P27393; complete cranial 


crest 
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\ new species of Parasaurolophus, P. cyrtocristatus, isrecorded from the 
Fruitland formation of the San Juan basin, New Mexico. 


and dorso-caudal part of the cranium, 
fragmentary left dentary, 3 cervical verte- 
brae, 11 dorsal vertebrae, 8 sacral vertebrae, 
26 caudal vertebrae, both scapulae and 
humeri, right radius, fragmentary left 
radius, right ulna, fragmentary left ulna, 
both ischia, ilia, pubes, femora, and tibiae, 
left fibula, incomplete right fibula, and 


numerous ribs, chevrons phalangeal 
elements. 
Occurrence.—Fruitland formation (Mae 


strichtian?) near Coal Creek, eight miles 
southeast of Tsaya, McKinley County, New 
Mexico. (This locality is not to be confused 
with a ‘‘Coal Creek’’ ten miles north of 
Tsaya in San Juan County.) 
Diagnosis.—Cranial crest approximately 
one third as long as that of P. walkeri, 
extending only 260 mm. behind the occipital 
crest (as compared with approximately 860 
mm. in P. walkeri). The crest 
strongly downward behind the 
rather than extending dorso-caudally in a 
gentle arc as in P. walkeri and P. tubicen. 
Total length of the superior skull margin 
from the rostral end of the premaxilla to the 


curves 
occiput, 


posterior extremity of the crest exceeds 1425 
mm. (the anterior extremities of the pre 
maxillae are missing), as compared with 
1733 mm. in P. walkeri. As in other species of 
Parasaurolophus, the cranial crest is com 
posed almost entirely of the premaxillae. 
The nasals appear to be very small elements 
restricted to the posterior basal portion of 
the crest. The paired narial passages, sepa- 
rated by a median bony septum, extend over 
the total crest length, looping back beneath 
themselves in the ventral posterior part of 
the crest and passing forward to a common 
orifice in the interorbital region. This pat- 
tern closely resembles that of P. walkeri, but 
is distinct from that of P. tubicen in which 
the median septum is lacking. Except for 
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l'ext-F1G. /—Comparison of the skulls and crests of the three species of Parasaurolophus. A, P. 
cyrtocristatus (Chicago Natural History Museum No. P27393), approximately 1/16 natural size. 
B, P. walkeri (Royal Ontario Museum No. 768), approximately 1/16 natural size. C, P. tubicen 
(University of Upsala, Sweden), approximately 1/16 natural size. 
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fragments of the frontals, parietals and 
exoccipitals, the remainder of the skull of P. 
cyrtocristatus is unknown. 

Remarks.—The distinctive form (strong 
ventral deflection) and small size of the 
cranial crest are the only diagnostic features 
displayed in this specimen. This conforms 
with the general situation in the Hadro- 
sauridae where nearly every 
distinguished solely by cranial character 
istics. With one or two exceptions, there are 
no reliable generic or specific characters of 
diagnostic significance in the hadrosaurian 
post-cranial axial or appendicular skeleton. 
he numerous hadrosaurian species display 
conspicuous uniformity in their post-cranial 
morphology, but show a remarkable degree 
of variation in their cranial anatomy. This is 
particularly true of the crested species 
assigned to the Lambeosaurinae. 

Although the greatest part of the skull of 
P. cyrtocristatus is unknown, the premaxilla 
length indicates a skull size somewhat larger 
than that of P. walkeri and perhaps as large 
as that of P. tubicen. Therefore, the shorter 
post-occipital crest length cannot be inter- 
preted as an immature or juvenile condition. 
This is substantiated by the limb dimensions 


species is 


of this specimen, which exceed those of P. 
walkert by approximately 10 to 20 per cent. 
The short crest length is therefore consid- 
ered to be of phylogenetic significance rather 
than ontogenetic variation. 

In most respects, the post-cranial skeleton 


is very similar to that of P. walkeri (the 
skeleton of P. tubicen is not known). The 
humerus-radius ratio, however, conforms 
to the typical lambeosaurian condition, with 
the radius length (585 mm.) exceeding the 
length of the humerus (565 mm.), in contrast 
to the exceptional condition found in P. 
walkert where the humerus (520 mm.) is 
longer than the radius (496 mm.). The ischia 
are expanded distally, as they are in all 
species of the Lambeosaurinae. 
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A LATE CRETACEOUS MAMMAL FROM 
DRAGON CANYON, UTAH 
WILLIAM A. CLEMENS 


Museum of Paleontology, University of California, Berkeley 


ABSTRACT 


An upper molar of Pediomys hatcheri (Osborn), probably derived from 


the ‘Cretaceous portion” of the North Horn formation, was discovered in Dragon 


Canyon, Utah. 


N 1958 the tooth of a Cretaceous mammal 
I was found in Dragon Canyon on the 
eastern side of the Wasatch Plateau by a 
field party working under the direction of 
Dr. Malcolm C. McKenna. This discovery is 
of particular interest for it greatly enlarges 
the demonstrated zoogeographic range of 
North American, Late Cretaceous mam- 
mals. Because I was engaged in research ona 
new collection of Cretaceous mammals from 
the Lance formation of eastern Wyoming, 
Dr. McKenna kindly turned over the speci- 
men to me for study. I am indebted to Drs. 
D. E. Savage and R. A. Stirton who have 
constructively criticized the manuscript. 
The illustrations are the work of Mr. Owen 
Poe. 

The fossil (Univ. Calif. Mus. Paleontology 
no. 55640, text-fig. 1) therian upper 
molar preserved in a fragment of maxilla. 
The protocone of the molar is heavily worn; 
its wear-facet is confluent with those of the 
protoconule and The 
conule and the anterior stylar cusp are 
connected by a narrow cingulum. Although 
worn, the paracone and metacone appear to 
have been of approximately equal size. The 


is a 


metaconule. proto- 


stylar shelf is continuous across the labial 
side of the paracone. On the ridge along the 
labial edge of the shelf there is a small, 
elongate stylar cusp opposite the metacone. 
The coronal dimensions of the molar are as 


follows: length=3.65 mm., width=5.00 
mm. In size and morphology the tooth is 
indistinguishable from typotypic M®’s of 
Pediomys hatcheri (Osborn) collected from 
the Lance formation in eastern Wyoming. 
The similarities may not prove to be diag- 
nostic of the species or even the genus, but 
at present there are no controverting data. 

The mammal tooth was found on an 
anthill near the United States National 


Museum quarry where the type of Poly 
glyphanodon sternbergi Gilmore, a_ large 
lizard, was recovered. This locality is in 
lower Dragon Canyon; S$ } sec. 17, T. 19 S., 
R. 6 E., Emery County, Utah [see Gazin 
(1941) for additional locality data and a 
study of the geology of the area]. The strata 
exposed in and adjacent to the quarry have 
been referred to the “Cretaceous portion” of 
the North Horn formation. The basis for 
this age determination has been summarized 
by Spieker (1946). Strata referred to the 
“Paleocene portion” of the formation crop 
out several hundred feet east of the locality. 
Experiments have shown that ants can 
transport small across 
approximating 100 feet, but the disposition 
of the anthill suggests that the molar was 
probably derived from the ‘Cretaceous 
portion” of the formation. 

Prior to 1958 almost all North American, 
Late Cretaceous mammals had been found 
at sites east of the Rocky Mountains in 
Alberta, Montana, Wyoming, and South 
Dakota. The only specimen reported from a 
locality within the mountain system is a 
mammal tooth found near Red Lodge. 
Montana (Jepsen, 1931). The Pediomys, 
molar from Dragon Canyon is the second 
specimen to be found within the Rocky 
Mountain province and extends the zoogeo 
graphic range of Late Cretaceous mammals 
far to the south of their previously demon- 
strated North American distribution. 

Pediomys hatcheri isa common mammal in 
the fauna of the Lance formation of eastern 
Wyoming. It has not been reported from 
other, northern localities, but its absence 
could be attributed to the lack of adequate 
samples from these sites. Pediomys hatcheri 
has not been found in Tertiary deposits, 
and apparently it was not ancestral to any 


fossils distances 
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A 


PEXT-FIG. 


Left upper molar of Pediomys hatcheri (Osborn), Univ. Calif. Mus. Paleontology 


no. 55640. A, labial view, 8. B, occlusal view, <8. 


of the known Tertiary mam- 
mals. Probably the biozone of the species is 
restricted to the North American Upper 


Cretaceous, but its limits still are not ade- 


presently 


quately determined. Therefore, the occur- 
rence of Pediomys hatcheri in the ‘Creta- 
ceous portion” of the North Horn formation 
is in accord with but cannot be used at pres 
ent for a further refinement of the Late Cre 
taceous age assigned to this part 
formation, 


of the 
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RECENT LITERATURE ON MESOZOIC 
AMMONITES, CONTINUED 
OTTO HAAS 


The American Museum of Natural History, 


Bi‘ since the conclusion of my earlier 
essay-review on the same subject (Haas, 
1958), the steady flow of publications deal- 
ing with Mesozoic ammonites has con- 
tinued at such a rate as to justify the present 
attempt to review this new output before the 
task becomes unmanageable. By May 1960, 
more than 100 papers have accumulated 
that were not included in my earlier review. 
Among them were several that were pub- 
lished before conclusion of my review but for 
various reasons not covered by it. 

By my count, which is certainly not com- 
plete, althogether 50 new generic and sub- 
generic names for Mesozoic ammonites 
which are not found in volume L of the 


Treatise on Invertebrate Paleontology have 
been proposed in those papers. Nearly all 
these names have been published after 1954 


and all of them must be added to the 72 
valid plus 39 suppressed generic names pub- 
lished during the period 1758-1954 which 
are listed by Howarth (1960) and which are 
not included in the Treatise either. 

For this continuation completeness can- 
not be claimed any more than it could for 
my first review, and the reservation then 
made as to selectiveness holds true for this 
one, too. Of papers published in 1960, only a 
few that appeared early in that year are 
included. 

It is proposed to discuss first ammonite 
studies of a more general interest, then those 
dealing with Triassic, Jurassic, and Cre- 
taceous Ammonoidea, in that order. 


In 1958 I reviewed volume L of the 
Treatise on Invertebrate Paleontology. 
Since then, its Russian counterpart (Luppov 
& Druschitz, 1958) has come out. Having 
been reviewed only recently quite exten- 
sively in this Journal (Connors and Yochel- 
sen, 1960), it can be omitted in the present 
review. 

In another paper, of a more general scope 


New York, and University of Nevada, Reno 


Beurlen (1957) speculates profusely on the 
functional significance of aberrant shell 
shapes in ammonites. Although conceding 
the occurrence of a few aberrant forms in the 
Upper Triassic and in the middle Jurassic, 
the author begins with the assumption that 
the ‘‘Ammonoidea stick rigidly to a normal, 
closed, planispiral’’ shell shape ‘from the 
Devonian to the Cretaceous.’’ However, 
this assumption seems to be inconsistent 
with the fact that such aberrant forms occur 
commonly throughout the Mesozoic. Chort- 
stoceras, Peripleurites, Rhabdoceras, and 
Cochloceras appear in the late Triassic, 
Arcuceras in the Lower Jurassic (Pliensbach- 
ian), Spiroceras and Apsorroceras in the 
middle Jurassic (Bajocian), Parapatoceras 
somewhat later (Bathonian-Oxfordian). Fur- 
thermore, we encounter many (at least 45) 
genera of the Bochianitidae, Ancylocerati- 
dae, Heteroceratidae, Hemihoplitidae, and 
Ptychoceratidae in the late Jurassic and 
early Cretaceous, and those of the Hamiti- 
dae, some Baculitidae, and all the genera of 
the Anisoceratidae, Turrilitidae, and Labe 
ceratidae in the middle Cretaceous (Aptian 
to Turonian). A few baculitid genera extend 
into the Senonian, and only the families of 
the Phlycticrioceratidae, Nostoceratidae, 
Diplomoceratidae, and Scaphitidae can be 
considered essentially Upper Cretaceous in 
age. Among the genera of thsee four families 
only Nostoceras, Axonoceras, Exiteloceras, 
Solenoceras, Neocrioceras, Cirroceras, Em 
peroceras, Neancyloceras, Diplomoceras, Pra- 
vitoceras, Phylloptychoceras, Ryugasella, Rhae- 
boceras, Hoploscaphites, Indoscaphites, and 
Acanthoscaphites do not appear until the 
Campanian and can thus be assigned a late 
Cretaceous age. By this enumeration it is 
meant to show that the aberrant ammonites 
of the late Triassic and the Dogger are by 
no means negligible, that hosts of such forms 
emerge throughout the Mesozoic and that 
aberrant ammonites are therefore not at alla 
peculiarity of the late Cretaceous. (It may 
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be well to remember at this juncture that 
similarly aberrant Nautiloidea, such as 
Goldringia, in the shape of an open spiral, 
and Lorteroceras, resembling a sinistral 
gastropod, appear in the Devonian). It is for 
the above reason but not for those suggested 
by Beurlen, to be mentioned presently, that 
most ammonite workers today reject the 
interpretation of the aberrant forms as 
effects of racial senescence. 

In the introductory paragraphs of his 
paper Beurlen admits that the shell shapes 
of these aberrant forms defy ‘“‘at first’’ a 
plausible biological explanation. I fully 
subscribe to this this, except for the qualifi- 
cation ‘‘at first."” The author, however, 
rather than resigning himself to the realiza- 
tion that we are facing here the free play of 
evolution as it creates all possible forms 
(even most improbable ones such as Nip- 
ponttes), play that may in some cases be 
interpreted as adaptive radiation, speculates 
further about what mode of life—nektonic, 
planktonic, etce.—could be indicated by 
those manifold shell shapes. In this proce- 
dure, he cannot well escape the danger of 
overgeneralization. The main example of 
this is his repeated assertion that the aber- 
rant forms represent the ‘“‘last’’ cycle of 
ammonitic evolution, an opinion amply 
refuted by the above enumeration. He also 
believes in a trend toward an increasing 
degree of involution; however, evolute forms 
occur among late ammonites (e.g., Peroni- 
ceras, Texanites) as well as among early 
ones. Beurlen also considers strong orna- 
mentation a late character, unaware of the 
fact that a considerable number of late, and 
even latest ammonite genera (Placenticeras, 
Sphenodiscus) are nearly perfectly 
smooth. Similarly inconsistent with the 
facts is the author’s assumption that the 
length of the body chamber decreases in the 
course of ammonite evolution; for the 
shortest body chamber ever recorded (1/20 
of a whorl) was found in the Maestrichtian 
genus Sphenodiscus. Some of his arguments 
are based on the hypothesis that the soft 
body of later ammonites projected—perma- 
nently, as his article seems to indicate—from 
the shell and embraced increasingly larger 
portions of it, but this hypothesis will be 
accepted by few, if any, students of ammo- 
noids (see also below, Géczy, 1957). The 
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author also claims for ammonite aptychi 
some other function than that of an opercu- 
lum serving to close the shell; this claim is 
certainly refuted by Schindewolf, 1958 (see 
below). And so the problem continues. There 
is hardly a trend mentioned against which 
an opposite one cannot be quoted, and 
examples repeatedly come to mind that may 
be relied upon to prove the opposite of what 
the author infers from his chosen examples. 
This applies mostly to Beurlen’s main thesis 
which attempts to explain all the manifold 
aberrant shell shapes as means to a better 
adaptation toward a free swimming way of 
life. Here I cannot suppress the question: 
What about Nipponites? Summarizing, | 
conclude that Beurlen’s argumentation is 
insufficiently documented and unconvincing. 

Schindewolf (1957) defends his method of 
careful study of the earliest ontogeny of 
ammonoid sutures against Arkell’s refuta- 
tion of Westermann’s septal hypothesis (see 
Haas, 1958, p. 627). In a study of Mississip- 
pian juvenile cephalopods the same author 
(1959) finds the constancy and phylogenetic 
significance of early sutural stages, as advo- 
cated in the paper just mentioned, further 
confirmed. Schindewolf’s monograph on 
aptychi (1958), triggered by the discovery of 
a magnificently preserved specimen of the 
late Jurassic Physodoceras cf. altenense 
(d’Orbigny) with the aptychi in situ, must 
certainly be considered a contribution of 
lasting importance. In opposition to Trauth, 
generally considered the greatest authority 
on aptychi, a dorsal rather than ventral 
position in the aperture, corresponding to 
the site of the hood in Nautilus, is here 
postulated for them. The different, so-called 
normal position of aptychi frequently found 
in fossils, for example in all 14 juveniles of an 
oppeliid species accumulated on a single slab 
of limestone from Eichstatt, Bavaria, seen in 
plate 7 of this paper, is believed to be caused 
by the mode of decomposition of the soft 
parts. The microstructure of various kinds of 
aptychi is carefully studied and clearly 
illustrated. 

In addition to several descriptive papers 
on both jurassic and Cretaceous ammonites, 
to be covered later in this review, Reyment 
published in the last few years also three of a 
more general interest. The most important 
of these (1958d) seems to be a careful study, 
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largely based on experiments with empty 
Nautilus shells, of factors influencing the 
distribution of cephalopods. The 
results arrived at in this investigation are 
much too numerous to be summarized here. 
It should be noted, however, that in the 
author’s opinion the oceanic barriers imped- 
ing the spread of living shelled cephalopods 
need not have hindered the floating of their 
empty shells and that a much wider geo- 
graphic range could thus have been attained 
by the latter than by the former. Occasion- 
ally empty shells may have drifted into a 
non-marine environment. However, most of 
these floaters were deposited in the strand 


fossil 


zone and, therefore, embedded in near-shore 
sediments. In another paper (1957a) Rey 
ment compares the color markings some- 
times found on the aragonitic shells of 
Jurassic and Cretaceous ammonites with 
those of living Nautilus species and con 
cludes that, in the former, color markings 
did not occur as rarely as is mostly assumed. 
A third paper (Reyment, 1959a) 
interesting observations on the septal ap- 
paratus and the siphuncle of 15 ammonite 
species, a few of them Jurassic but the 
major.ty Cretaceous; among the latter there 
is Speetoniceras versicolor Trautschold, sub- 
ject of an earlier study by the same author 
(Reyment, 1956a; see Haas, 1958, p. 628). 

A subject similar to the one discussed by 
Revment (1958d) is treated by Géczy 
(1959b); this author, assuming that ammo- 
nite shells sink fast after the animal's death, 
excludes their transport over wide distances, 
as known in empty Nautilus He 
concludes that in most ammonites, biotope 
and place of burial are more or less identical 
horizontally, though not vertically. In a 
somewhat earlier paper (1957) the 
author refutes, on the strength of the litera 
ture of this century, Steinmann’s and 
Beurlen's (compare above) hypotheses 
which ascribe an inner skeleton to ammo- 


reports 


shells. 


same 


nites. 

Seilacher (1960) concludes from the mode 
of attachment of epizoic oysters to a 
Senonian Buchiceras from Peru that the 
ammonite’s shell must have been external, 
that its adult stage lasted several years, and 
that Buchiceras benthonic but 
floated and swam close to the sea bottom. 

Theobald (1958) deals with malforma- 
tions in ammonites. Individual cases in nine 


was not 


species, all but one from the Jurassic, are 
described in detail. In summarizing his 
observations, the author distinguishes supet 
ficial and temporary lesions on the one hand 
and deeper ones on the other. The former 
account for distortion of and other 
elements of the ornamentation but become 


ribs 


resorbed later on. The latter cause consider- 
able delay of growth of the costae, invasion 
of the affected flank by the opposite one, and 
disruption of bilateral symmetry. Internal 
lesions may affect sutural symmetry. 


I] 


Only very few papers dealing with Trias 
sic ammonoidea have lately come to the 
reviewers attention. 

Bakalow, Kiihn, and Sachariewa (1958) 
describe and illustrate the Lower Carnian 
Bulgaria; in addition to 


includes ammonites of 


fauna of Kotel, 
some nautiloids, it 
the genera and subgenera /Juvavites, Anato- 
mites, Miltites, Paratibetites, Proarcestes, 
Joannites, Sphingites, Istreites, Cladiscites, 
Hypocladiscites, Megaphyllites, Mojsvarites, 
Diphyllites, and Placites. Most of the species 
here recorded have been previously known 
from the Alps, from Hungary, from other 
localities of the Balkan peninsula, from the 
Himalayas, from Timor, and—just one 
species—from western North America. One 
species each of Paratibetites and Istreites and 
a subspecies of MWegaphyllites jarbas are new. 

From the Ladino-Carnian or earliest 
Carnian Arakura formation of Japan Na- 
kazawa (1958) records a form believed to 


represent a new genus of the Monophylliti- 
named Monophyllites”’ 
doubtfully 
referred to Monophyllites, In a later paper 


dae, provisionally 


arakurensis, and a fragment 


(1959) the same author records from the 
Norian Nariwa group of Japan, in addition 
to a new species of Germanonautilus, an 
ammonite identified as Arcestes (Stenarces- 
tes) sp. indet. 


Much more numerous are recent studies 
on Jurassic ammonites. Here a new part of 
the Fossilium Catalogus by Zeiss (1959), 
covering the Hecticoceratinae, should be 
mentioned first. The other papers will be 
discussed in approximately geographic se- 
quence. 

Only a few among them deal with North 


Pam 
= 
58 
582 4 
| 
4 
4 
4 
: 
4 
4 
4 
: 
| 
a 
4 
Was 
a 
: 
| 
; 
Ill 
: 
: 
a 


LITERATURE ON 


American faunas. In a paper on the Jurassic 
of Prince Patrick Island, Arctic Canada, 
Frebold (1957) describes and figures Toar 
cian to Lower Callovian ammonites referred 
to previously known or indeterminate 
species of the genera Dactylioceras, Coelo 
ceras, Pseudolioceras, Leioceras, Ludwigia, 
Cranocephalites, and Arctocephalites and 
proposes a new genus, .Irkelloceras, for 1. 
loseri Frebold, the type species, and .1. 
mclearnit Frebold. The new genus requires 
separation from Cranocephalites on the one 
hand and from Garantia on the other. 
Several faunules described by the same 
author (1959) from the Lower Jurassic of 
British Columbia contain two forms of 
Irntoceras, dated Sinemurian, two of Harpo- 
ceras, dated Toarcian, and a doubtful 
Sonninia that would indicate Bajocian age. 
A study on the Oxfordian of the Fernie 
group of Alberta and British Columbia by 
Frebold, Mountjoy, and Reed (1959) in 
cludes a paleontological section by Frebold 
with descriptions and photographs of am 
monites of the genera Cardioceras (Scar 
burgiceras), Cardioceras s. str. and s. l., 
Goliathiceras, other cardioceratids and some 
fragments that could not even generically be 
identified. One Cardioceras species is new. 

In his comprehensive paper on_ the 
Jurassic and Cretaceous stratigraphy and 
paleontology of Traill 0, East Greenland, 
Donovan (1953) describes several Upper 
Bathonian to Lower Kimmeridgian ammo 
nites, most of them referred to -[rctocepha 
lites (s. str. and subgenus Cranocephalites), 
others to Aepplerites (Seymourites), Cardio 
ceras, .1moebites (s. str. and subgenera 
Euprionoceras and Prionodoceras), and Aré 
ticoceras; among these forms three species, 
one with two varieties, another with one, 
and one variety are new. 

In a paper establishing nine ammonite 
zones in the Middle Jurassic (?Bajocian to 
Lower Callovian) of East Greenland Callo- 
mon (1959) proposes a new species, Crano- 
cephalites indistinctus; this species and six 
more that are selected as zone indices for the 
above mentioned nine zones except the top 
two are restricted to the Boreal province. 

At the opposite end of the Americas, 
Alexander Land and the James Ross Island 
group, northeast Graham Land, have yielded 
the ammonite faunas dealt with by Howarth 
(1958). From the first area the Lower 
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Kimmeridgian Perisphinctes (Orthosphinc- 
tes) transatlanticus Steinmann and Aptian 
forms of the genera Phylloceras, Georgio- 
ceras, Sanmartinoceras, Ancyloceras and 
Silesites are recorded, with a_ detailed 
description for Sanmartinoceras patagonicum 
only, from the second area Campanian forms 
of the genera Tetragonites (Saghalinites), 
Desmophyllites, Maorites (one new species), 
Grossouvrites, Jacobites, Gunnarites, and 
Eupachydiscus; most of these Campanian 
forms are described and well illustrated. 

Of European ammonite assemblages, 
those of the Liassic of England, as mono- 
graphed by T. Wright (1878-1886), have 
been revised and_ their nomenclature 
brought to date by Donovan (1954b); his 
systematic index of superfamilies, families, 
genera, subgenera, and species, although in 
part superseded by volume L of the Treatise, 
will be of great value to taxonomists. A work 
of similar magnitude and equal value is the 
same author's (1955) revision of the Lower 
Liassic ammonite described in 
Reynés’ unfinished monograph of 1879; 
here, too, the nomenclature is brought up to 
date; 11 of the species are excellently re- 
figured. Still a third paper by Donovan 
(1958c), this one shorter and without 
illustrations, serves the purpose of revision 


species 


of species established in the second half of 
the nineteenth century, namely of those of 
the Lower Liassic of the Bavarian Alps 
created by Giimbel. Another brief paper 
(1957) of Donovan's is devoted to a restudy 
of the Sinemurian species Cymbites laeviga 
tus (Sowerby) from the Dorset coast and of 
Neumayr’s genus to which it belongs. 

The Middle Lias of the Dorset coast, 
divided into the two zones of (in ascending 
order) Amaltheus margaritatus and Pleuro- 
ceras spinatum, the first with three subzones, 
the second with two, is the subject of a paper 
by Howarth (1957); in its paleontological 
section eight species, none of them new, are 
described which belong to five families; four 
of these species are refigured. 

In addition to the revisions listed above, 
two more papers are to be credited to 
Donovan that deal with faunas from the 
European continent. One of them (1958a) is 
a monograph of the Lower Liassic ammonite 
fauna from the Langeneckgrat near Thun, 
Switzerland, previously described by Hug 
(1899), but covers a larger material than did 
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Hug so that not all of the forms here de- 
scribed can be found in the earlier paper. 
The Juraphyllitidae are represented by a 
single specimen designated as Juraphyllites 
spec. nov.?, the Lytoceratidae by two 
species of Lytoceras, the Oxynoticeratidae by 
four species of Oxynoticeras, three of which 
are referred to Buckman’s subgenus Glevi- 
ceras, by one species of Radstockiceras and by 
an indeterminate individual, the Echiocera- 
tidae by two species, one with a variety, of 
Echioceras, two of Leptechioceras, and seven 
of Paltechioceras, the Eoderoceratidae by 
three species of Eoderoceras, two of Coelo- 
deroceras, one of Crucilobiceras, five of 
Epideroceras, two of them new, and one each 
of Bifericeras and Coeloceras, and the Poly- 
morphidae by one form each of Gemmellaro- 
ceras (Leptonotoceras) and Tropidoceras. This 
paper is amply illustrated by both drawings 
and full tone plates. The other paper here to 
be mentioned (1958b), on the ammonite 
zones of the Toarcian ‘‘Ammonitico Rosso” 
of southern Switzerland and Italy, although 
primarily stratigraphic in scope, reviews 
about 35 forms, none of them new, which are 
referred to various genera of the Dactylio- 
ceratidae, Hildoceratidae, Graphoceratidae, 
and Hammatoceratidae. 

In the same splendid Swiss series as 
Donovan, 1958a, appeared also, a few years 
earlier, the first part of a monograph by 
Maubeuge (1955) on the middle Jurassic 
(Aalenian to Bathonian) ammonites from 
the northern part of the Jura Mountains of 
Switzerland. In this part species of the 
families Tmetoceratidae (Tmetoceras), 
doceratidae (Staufenia, Pleydellia with sub- 
genus Walkericeras, Cotteswoldia, Leioceras, 
Costileioceras with subgenus Canavarella), 
Graphoceratidae (Ludwigia with subgenus 
.lpedogyria, Brasilia, Graphoceras with sub- 
genera Pseudographoceras and Ludwigella), 
Strigoceratidae (Strigites), Hammatocerati- 
dae (Parammatoceras, Euaptetoceras, Eud- 
metoceras), Sonninidae (Poecilomorphus, Son 
ninia, Witchellia with subgenera Spatulites 
and Maceratites, Dorsetensia), Stephanocera- 
tidae (Stephanoceras, Normannites, Poly- 
plectites, Docidoceras), Otoitidae (Emileia), 
and Parkinsonidae (Parkinsonia) are de- 
scribed and beautifully illustrated. Three 
new species each are added to Ludwigia and 
Poecilomorphus and one to Strigites but, 


HAAS 


fortunately, no new generic or supgeneric 
names are proposed. A shorter paper of 
Maubeuge’s (1957) is devoted to the de 
tailed description and illustration of alto- 
gether 54 forms (in part just individual 
specimens and fragments) of the genus 
Dactylioceras, referred (without or with 
reservation) to 30 different species, eight of 
them new; in addition, a single fragment is 
tentatively referred to Collina. All these 
ammonites come from a single zone, that of 
Dactylioceras semicelatum-tenuicostatum, of 
the lowermost Toarcian of eastern France 
and Luxembourg. 

Schirardin (1958), in turn, monographs 
the Oxfordian ammonites of the Ferrette 
area of Alsace. Among them the 
Berniceras, Rossiensiceras, Putealiceras, Brigh 
tia, Campylites, Richeiceras, Taramelliceras, 
Creniceras, Quenstedtoceras (s.str. and sub- 
genera Bourkelamberticeras, Vertumniceras, 
Pavlowiceras, and Eboraciceras), Scarburgi- 


genera 


ceras, Protocardioceras (new, type species 
Cardioceras praecordatum R. Douvillé), Ane 
cardioceras, Cardioceras, Scoticardioceras, 
Pachycardioceras, Plasmatoceras, Properi- 
sphinctes, Prososphinctes, Alligaticeras, Dis- 
cosphinctes, Parapeltoceras, Parawedekindia, 
Peltoceratoides, Prieserites, Rapailites, Eua 
spidoceras, and Paryphoceras are repre 
sented. To many of the generic names just 


quoted, not to speak of the subgeneric ones, 


the reviewer would grant, at the most, only 
subgeneric rank. He was particularly inter- 
ested to find among the many forms re 
corded in this monograph some of Noetling’s 
and his own species from Mount Hermon, 
but somewhat disappointed to find, after all 
the pains he (1955, p. 101, 102) took to 
prove Taramelliceras episcopale (de Loriol) 
to be a junior synonym of 7. hermonts 
(Noetling), this species still under de Loriol’s 
name. 

Holder and Ziegler’s paper of 1959 which 
bridges the French-German 
essentially a stratigraphic one but it also 
describes and figures some 20 Kimmeridgian 
ammonite species belonging to the genera 
Perisphinctes (s.1.), Nebrodites, Sutneria, 
Aspidoceras, Hybonoticeras, Taramelliceras, 
Streblites, Neochetoceras, and Glochiceras. 
The only Nebrodites species here described is 
new, as is the only Glochiceras species but 
the latter is credited to Berckhemer (in lit.). 


boundary is 


4 
| 
= 
4 
| 
| 
| | 
| 
i 
| | 
| 
a 
= 
| 
{ 
| 
| 
| 
4 | 


LITERATURE ON MESOZOIC AMMONITES 


Two subspecies, one of Hybonoticeras, the 
other of Taramelliceras, however, are cred- 
ited to Berckhemer and Hélder, 1959, 
although that latter paper was published by 
Holder (Berckhemer died in 1954) three 
months later than Hélder and Ziegler’s. 
Berckhemer and Hélder’s 1959 paper is a 
comprehensive monograph of the Kim- 
meridgian ammonites from the upper 
“Weisser Jura’ of southern Germany, 
discussing and beautifully illustrating forms 
belonging to the families Aspidoceratidae 
(Aspidoceras, Hybonoticeras), Perisphincti- 
dae (Perisphinctes with subgenera ? Katrolt- 
Virgatosphinctes, and Lithacoceras, 
Pavlovia, Lytohoplites, Sutneria, and Gra- 
vesia), Oppelidae (Taramelliceras, with sub- 
Vetahaploceras, Oxyoppelia, Ocheto- 


ceras, 


genus 


ceras, Neochetoceras, Haploceras, and Glocht- 
ceras). One species and three subspecies of 


ybonoticeras, two species of Perisphinctes, 
s.l., four species and four subspecies of 
Taramelliceras, three species of Ochetoceras, 
and one subspecies of Neochetoceras are new. 
The generic Oxyoppelia, 
although not found in the Treatise, dates 
back to an earlier (1926) publication by 
Berckhemer. 

Oechsle (1958) published a_ fine 
graph on the stratigraphy and the Bajocian 
ammonite fauna of the Fils district of 
southern Germany. The careful description 
of altogether 25 species of the genus Son 
ninia Bayle is preceded by a thorough study 
of the morphology and mode of life of this 
genus and followed by a section on its 
descent, probably from Ludwigia. Despite 
the aforementioned great number of species 


name however, 


mono- 


the author, himself, proposes only one new 
specific name and favors a narrower circum- 
Dorn’s (1935), 
relegating many species of earlier authors 
(Quenstedt, Brinkmann, Dorn, Hiltermann, 
Maubeuge) to subspecific rank and creating 
five new subspecies. 

To Ziegler, mentioned above as coauthor 
of Hélder and Ziegler, 1959, we owe also 
several recent papers, all based on extremely 
careful studies of Upper Jurassic 
ammonite assemblages, mostly from south- 
Germany. The earliest of these 
papers (1957) has for its subject a single 
species, the Kimmeridgian Creniceras denta- 
tum (Reinecke); it is not only 


scription of species than 


some 


western 


meticulously 


described, well illustrated and compared 
with its congeners C. renggeri (Oppel) and 
C. crenatum (Bruguiére) but also its phy- 
logeny, ecology, and_ stratigraphic and 
geographic ranges are examined. In the 
following year Ziegler (1958a) published an 
extensive monograph of the Oxfordian- 
Kimmeridgian genus Glochiceras. On the 
strength of the characters of the apertural 
margin he distinguishes within this genus, in 
addition to Glochiceras s. str., three new 
subgenera: Lingulaticeras, and 
Paralingulaticeras. All told, more than 30 
species are recognized. The author bases his 


Coryceras, 


species concept strictly on morphology but 
interprets it elastically; the abundance of 
the material examined (more than 1700 
specimens from southern Germany, Switzer- 
land, and southern France) enables him, in 
most of the cases, to deal with populations 
rather than individuals. The evolutionary 
rates are found to be, in general, slow in this 
group. Ziegler, 1958b, is a comprehensive 
survey of the ammonites of the lower part 
of the “Malm Delta’ (essentially the 
equivalent of the psendomutabilis zone of 
the Kimmeridgian), with due regard to their 
“biochronology’”’ and zoogeography. The 
same author’s paper 1958c is essentially a 
stratigraphic investigation which, however, 
vields also valuable results concerning the 
evolution of two Lower Kimmeridgian 
ammonoid lineages, namely that of Crent- 
ceras dentatum on the one hand and that of 
Sutneria cyclodorsata-S. eumela on the other. 
Che evolutionary changes taking place in 
these two lineages and in still a third, Glochi- 
ceras, this one reaching from the Upper 
Oxfordian up into the Middle Kimmeridg- 
ian, are the subject of a separate study by 
the same author (195¢a). Another of 
Ziegler's (1959b) with the 
Upper Jurassic genera Jdoceras, Nebrodites, 
Stmoceras, and Simosphinctes (a genus 
established as recently as 1957 by Barthel) 
all of which are referred to Spath’s sub- 
family Idoceratinae of the Perisphinctidae. 
Within Simosphinctes a new subgenus 
Ceratesphinctes, based on Ammonites septe- 
narius Quenstedt, is established. An inter- 
esting result of this study is the observation 
of a case of dimorphism between macro- 
conchs and microconchs, as first postulated 
by Callomon (see Haas, 1958, p. 625) for the 


papers deals 
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genus Idoceras, but such dimorphism is not 
granted general validity. It is worth noting 
that, within the group, only the micro- 
morphs have “‘ears”’ (lateral lappets), a fact 
that may indicate sexual dimorphism. The 
large plate accompanying the last paper 
deserves special praise for its excellent 
photography. 

Géczy, mentioned above for two papers of 
a more general scope, attempts in a brief 
article (1958) a quantitative evaluation of 
more than 6500 ammonites, mostly phyllo- 
ceratids and lytoceratids, from Csernve in 
the northern Bakony Mountains of western 
Hungary, ranging in from Middle 
Liassic to Middle Dogger. Their abundance 
is found gradually 
whence the author infers an increase in the 
depth of the sea. A specimen from the same 
Bakony Mountains, of Pliensbachian age, is 
made by Géczy (1959a) the type of a new 
species which, in turn, is designated the type 


age 


to increase with time, 


species of a new subgenus, //emiparinodi 
ceras, of Liparoceras. 

Another Hungarian author, Waszap 
(1959), lists and illustrates, in the course of a 
study of the Dogger (Bathonian-Callovian) 
beds of the Villany Mountains of southern 
Hungary, a considerable number of ammo 
nite species belonging to the genera Phyllo 
ceras, Calliphylloceras, Holcophylloceras, Pty- 
chophylloceras, Sowerb ve eras, Lytoceras, Oxy 
cerithes, Hecticoceras (Putealiceras, Brightia, 
and Prohecti 
coceras, Kosmoceras, Lissoceras, Grossouvria, 
Subgrossouvria, Procerites, Prososphinctes, 
Po ulisphine les, Indosphine les, 
ceras, and Choffatia. 

In the recent Italian paleontological 
literature we find a memoir by Vialli (1959) 
on the Sinemurian ammonites of the Monte 
Albenza, province Bergamo; they belong to 
the Juraphyllitidae (Juraphyllites), Phyllo 
ceratidae (Paradasyceras, Geyeroceras), 
tocentritidae (ctocentrites), Schlotheimi 
idae (Schlotheimia, Charmasseiceras, Bou 
caulticeras), Arietitidae (.lrnioceras, Pararni 
Arietites, Eucoront 
ceras, Vermiceras, [uagassiceras, .\gasst- 
ceras), Alsatidae (Pseudotropites), and Eo- 
deroceratidae (Hoderoceras). A paper by 
another Italian author, (1957), 
deals with aptychi of the genera Lamel- 
laptychus and Punctaptychus from the 


Rossiensiceras, Lunuloceras), 


Wagnert 


oceras, Coroniceras, 


Cassinis 


OTTO HAAS 


Prealps of the province of Brescia; one of the 
species described is dated Kimmeridgian and 
Kimmeridgian-Tithonian, while the 
others range in age from Tithonian to 
Hauterivian, perhaps Barremian. 

In addition to his papers already reviewed 


one 


above (p. 581) and his many contributions 
on Cretaceous Reyment has 
also a paper on Jurassic ammonites (1959b) 
to his credit, 
genera Coroniceras (Primarietites), \legarie 
tites, Paracoroniceras, 


ammonites 


namely on members of the 
-lgassiceras, Euagassi 
Eparietites, Cymbites, 
Oxynoticeras, Polymor phites 
(s. str. and subgenus L’ptonia), and Dactylio 
ceras, ranging in age from Sineumrian to 
Toarcian, from Skane in southern Sweden. 
Most of the accompanying photographs are 


ceras, Arnioceras, 


Promicroceras, 


outstanding in clarity. The association of the 
ammonites with plant remains is interest 
ingly discussed and interpreted ecologically. 

Having disposed of the 
American 
Jurassic ammonites, we now have just two 


literature on 
and European occurrences ot 
papers on African ones to review. First is 
Venzo's (1959) monograph on late Jurassic 
(almost exclusively Kimmeridgian) ammo- 
from the high Harrar 
province, Ethiopia. It is essentially a revi 
sion of an earlier paper (1942) with nearly 
the same title; the plates are entirely un 
changed. The fact that the earlier issue had 
been published, under wartime restrictions, 
in only 200 made 
desirable. Furthermore, revision of the text 
serves mainly the purpose of the integration, 


nites plains ol 


copies, republication 


first suggested to the author by this reviewer 
in 1948, of a study of the Jurassic ammo- 
nites of the same area undertaken independ 
ently, but published vear 
Venzo's, by Scott (1943). In his introduction 
Venzo lists 13 of Scott’s forms that are also 


only a after 


represented in his material, among them six 
for which Scott had proposed new specific 
names. Surprisingly, however, four of these 
species of Scott's are explicitly maintained 
as valid by Venzo and one tacitly; only one 
of them is considered a synonym of an older 


species of Dacqué’s. If the occurrence of the 
forms studied by both authors in the same 


area and, in some cases, even at the same 
locality is taken into account, the fact just 
mentioned should suggest a rather narrow 
circumscription of species. Venzo describes 
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and illustrates forms of the genera Biplices, 
Pachyplanulites, Dichotomosphinctes, Ataxio 
ceras, Lithacoceras, Planites, [E:nosphinctes, 
Torquatisphinctes, Subplanites, Katroliceras, 
Idoceras, Nebrodites, Aspido 
ceras, and Simaspidoceras; 
but 
altogether eight new specific ones are pro 


Waagenta, 
Physodoceras, 
none of these generic names is new 
posed, all but one dating back to the earlier 
edition of 1942. 

To 


hitherto four 


(1958, 1959) we 


as far as the reviewer knows 


Collingnon owe 
characteristic 
fossils from Madagascar. They consist of 95 
plates, some of them unfortunately, too pale, 
depicting Jurassic ammonites from that 
island. Unfortunately, | had an 
opportunity to see the two first fascicules 


fascicules of his atlas of 


have not 
which are devoted to Liassic to Bajocian and 
to Bathonian ammonites, respectively. The 
third fascicule illustrates Oxfordian, and the 
fourth Argovian-Rauracian forms. Not all of 
these have been previously known; many 
new species and varieties are named and 
described in the explanations of the plates 
and even a new subgenus of Jdoceras, Praet 
doceras, is there proposed for J. (P.) mada- 
gascartense Collignon. 

Turning now from Africa to Asia, we find 
the ammonites of the famous Jurassic fauna 
of Kutch, previously monographed by 
Waagen (1873-75) and Spath (1927-33), 
once more as the subject of a study, this 
time by (1956) 
credit also some earlier stratigraphic papers 
and a later one (1957) on those beds. The 
last mentioned paper deals also with their 
fauna, including the ammonites, without, 
however, illustrating them, Therefore, for 
the purpose of this review, attention may be 


Agrawal who has to his 


focused on the 1956 paper. Only the major 
portion of Chapter III of this extensive work 
is devoted to the Ammonoidea. Forms of the 
genera Caliphylloceras, *Ptychophylloceras (a 
new species), Subbonarellia, Putealiceras, 
Streblites, Macrocephalites, *Indocephalites, 
*Kamptokephalites, *Dolikephalites, Eucyclo 
ceras, *Subkossmatia, Pachyceras, * Mayaites, 
*Epimayaites, *Dhosaites, *Paryphoceras, 
*Reineckia, *Kellawaysites (one new spe 
*Reineckeites, *Obtusicostites, *Kin- 
keliniceras (one new species), *Hubertoceras, 
* Subgrossourria, Otosphinctes, Perisphinctes, 
Pachyplanulites, Peltoceras, * Metapeltoceras, 


cies), 


Peltoceratoides, and *Euaspidoceras are listed 
and, in part, described; those preceded by an 
asterisk are also illustrated. 

From Japan, three papers dealing with 
Jurassic ammonites have reached the re- 
viewer. Two of these are by Sato. The first 
(1957) is chiefly concerned with the biostra- 
tigraphy of the Aalenian 
Shizukawa series of Japan; this 
series is split up into six zones. The results 


Hettangian to 
northern 


thus obtained are then correlated, on the 
strength of the ammonite faunas, first with 
the stratigraphy of the 
beds of all circumpacific areas, including 
those of the Americas, then with the Euro- 
pean standard. One chapter of this paper 


contemporaneous 


here 
seven species referred to the genera Holco- 
phylloceras, Phylloceras, Kallilytoceras, rni- 
oceras, Harpoceras, and Hyperlioceras, none 
of them are described and figured. 
Sato’s paper (1958) adds to the 
knowledge of the fauna of the same series by 


only is devoted to the paleontology; 


new, 


second 


creating a new genus //osoureites, based on 
Harpoceras ikianum Yokoyama as its type 
species, in the family Graphoceratidae and 
by describing, in addition to that species, 
three Graphoceras species which are left 
undetermined. The third of these Japanese 
papers dealing with Jurassic ammonites is 
by Matsumoto (1956); in it he establishes a 
new genus Vebisites (Psiloceratidae, Alsatiti 
nae), type species VY. onoderai Matsumoto 
from the lower part of the Shizukawa group, 
probably Hettangian in age, of northern 
Japan. 
IV 

lhe bibiography of the most recent liter- 
ature on Cretaceous Ammonoidea lists per 
haps not quite as many titles as that on 
Jurassic ones but the papers here to be 
reviewed are certainly in no way inferior in 
significance. Here, too, an approximately 
geographic sequence will be followed, this 
time starting in Europe and going from there 
westward around the globe. 

Sarkar (1955) devotes a most careful and 
amply illustrated study to the ‘‘ammonites 
déroulés” (perhaps best translated ‘‘loosely 
coiled and uncoiled ammonites’) of the 
Lower Cretaceous of southeastern France. 
In two preliminary papers (1954a,b) the 
generic 


author had proposed seven new 
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names; of these, however, only Balearites 
(type species Crioceras balearense Nolan) has 
been accepted by Wright (1957) for the 
Treatise, while four more, Emericiceras, 
Dissimilites, Escragnolleites, and Moutoni- 
ceras are there considered synonyms, or 
doubtful synonyms, of preexisting generic 
names and two more, Jaubertites and 
“Sapthicrioceras,”’ are rejected as nomina 
nuda. Meanwhile Sarkar, in his aforemen- 
tioned monograph, had replaced Jaubertites 
by Jauberticeras (type species J. dubius, 
should read dubium, Sarkar), unaware that 
he thus created a homonym of Jauberticeras 
Jacob, 1907, and the—misspelled—*‘ Sa pthi- 
crioceras”’ by Spathicrioceras, type species S. 
sornayi Sarkar. In addition to these two new 
(as of 1955) generic names, he also proposed 
a new subgenus of Acrioceras Hyatt, Prota- 
crioceras, type species Ancyloceras ornatum 
d’Orbigny, 1840. The reviewer does not 
venture to pass judgment on the validity of 
these three additional supraspecific names, 
aside from recognizing Jauberticeras to bea 
homonym, but the fate of their seven 
predecessors of 1954 does not bode too well 
for them. In addition to those altogether ten 
supraspecific names, Sarkar (1955) 
proposes altogether 72 new specific ones and 
a considerable number of new varieties in 
addition. However, the number of individ- 
uals made the hypodigm of a description is 
never given. From this and other indications 
it must be suspected that the author gives, 
in most cases, descriptions of specimens 
rather than of species; thus, his approach 
appears to be a strictly typological one. The 
photographs illustrating this monograph are 
excellent. 

To Basse de Menorval and Sornay (1959) 
we owe a series of most informative surveys 
of the Upper Cretaceous ammonite faunas of 
France, the latter author treating those of 
the Cenomanian and Maestrichtian, the 
former those of the Turonian, Coniacian, 
Santonian, and Campanian. Two important 
observations on the Cenomanian should be 
quoted: Sornay considers the change in 
ammonite faunas at the Albian-Cenomanian 
boundary the most marked one in the post- 
Triassic Mesozoic; to him it indicates the 
beginning of a decrease in numbers of both 
individuals and of species and genera that 
eventually leads to the extinction of the 


also 
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whole subclass of the Ammonoidea. Further- 
more, he notes a marked faunal difference 
between two regions of France, the Paris 
Basin, the North, and the Charentes on the 
one hand and the Southeast on the other, 
with the former showing close affinities to 
the Cenomanian of England and Germany, 
the latter exhibiting a mediterranean aspect. 
Similarly, Basse distinguishes two marine 
provinces in the Turonian: a northern one, 
comprising the Ardennes and the Parisian 
and Aquitanian basins, and a southern one, 
comprising the northern slope of the Py 
renees and the alpine regions. The Aqui 
tanian 
respects be joined to the southern province 
as well, despite its close faunistic affinities to 
the other regions of the northern one. Be 
cause of the absence of major diastrophism 
there is biostratigraphic continuity in the 
northern province. The same two provinces 
are distinguished in the Senonian (Coni 
acian, Santonian, Campanian) also, with the 
northern one subdivided into the Paris 
basin and the Aquitanian one. In Maestrich 
tian time there occurs a considerable reduc- 
tion of marine beds with ammonites; they 
are now found in four areas only. Their 
faunas show the closest relationship with 
those of northern Europe and of the north 
ern Alps. The enumerations and critical 
discussions of many 
found in every one of these four surveys 
entered into in the 


basin, however, can in certain 


genera and species 
cannot possibly be 
present review. 

Jost Wiedmann, a disciple of Schindewolf, 
makes his debut in ammonite literature 
with an interesting study of the Upper 
Cretaceous of Spain and Portugal and of its 
cephalopods (1959). It is this paper's paleon- 
tological appendix that most interests us 
here. Here a new subfamily of the Vasco 
ceratidae, the Fallotitinae, and altogether 
ten new generic and subgeneric names are 
proposed, namely, Lotzeites, a subgenus of 
Calycoceras, Proromaniceras, a subgenus of 
Romaniceras, and the genera Schindewolfites 
and Jeanrogericeras, all these in the Acan- 
thoceratidae, Fallotites, with a subgenus 
Ingridella, and Spathitoides, a subgenus of 
Neoptychites, in the Vascoceratidae, Donen 
riquoceras and Reymentoceras, a subgenus of 
Tissotioides (see below), in the Tissotiidae, 
and Ciryella, a subgenus of Gauthiericeras, in 
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the Collignoniceratidae. The reviewer can- 
not claim that he checked the differences 
from previously known genera and _ sub- 
genera on which the author bases the sepa- 
ration of his new ones thoroughly enough to 
pass judgment as to whether or not these 
separations may be justified but he cannot 
help feeling that at least some of those 
differences should not be granted higher 
than interspecific rank. 

The fundamental work for the knowledge 
of the ammonites of the Upper Cretaceous 
Gosau beds of the northern calcareous Alps 
of Austria has always been Redtenbacher's 
monograph of 1873; it has also constituted a 
very important source of reference for work- 
ers on more or less contemporaneous, that is, 
Coniacian, ammonites from other areas. 
However, since Redtenbacher, except for the 
species referred to Hamites and Scaphites, 
still used indiscriminately the genus desig- 
nation ‘‘.1mmonites,"’ his paper was bound to 
become antiquated as time went on. A 
revision was first attempted by Brinkmann 
in 1935 but the years since then have seen a 
tremendous amount of newly created generic 
and subgeneric names. Now Reyment 
(1958b) has brought the taxonomy up to 
date, proposing, in the course of this proce- 
dure, a new genus, Tissotiotdes, based on 
Ammonites haplophyllus Redtenbacher as 
type species. The author points out that the 
new genus is a homeomorph of Barroisiceras 
but that—as in other cases (see Haas and 
Simpson, 1946, p. 339)—this homeomorphy 
can be unmasked by having recourse to the 
suture lines which have entire, tissotiid 
saddles in Tissotioides but deeply indented 
ones in Gauthiericeras (compare text-figs. 
2/1 and 6/1,2 of this paper). A particular 
merit of this revision is that it is accompa- 
nied by excellent photographs of all of 
Redtenbacher'’s originals that are. still 
available and by many suture line drawings; 
for the older author's original figures and 
drawings proved to be not entirely reliable. 
Reyment also gives a revised diagnosis of 
Barroisiceras s.str. 

Another paper that, like Sarkar’s mono- 
graph mentioned above, was published in 
1955 but is covered only in this part of our 
review, is Sornay’s on Cretaceous ammo- 
nites from the Mellégue Mountains of 
Algeria. It is the first among those here 
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reviewed that has an African fauna for its 
subject. Here altogether nine new species 
and five new varieties belonging to the 
genera Scaphites, Idiohamites, Parahoplites, 
Acanthoplites, Hypacanthoplites, Acompso- 
ceras, Cottreauites, and Prionocycloides are 
proposed; using open nomenclature, the 
author records also forms referred to 
Gaudryceras, Protanisoceras, and Aconeceras 
and leaves two specimens undetermined 
even generically. The age of this fauna 
ranges from Barremian to Coniacian. It is 
amply and well illustrated. 

Another study of a North African fauna, 
of Upper Cretaceous age, has for its author 
Collignon (1957) whom we meet for the first 
time in this part of Africa. In addition to the 
ammonites three nautiloid species are here 
recorded, one occurring in the Cenomanian 
and two in the Upper Maestrichtian. Of the 
ammonoid genera, Neolobites is represented 
in the Cenomanian; Nigericeras, Mammites 
(one new variety), Vascoceras and its sub- 
genera Paravascoceras (one new species) and 
Discovascoceras (new, type species D. tes- 
selitense, new), Hoplitoides, Pseudotissotia, 
Bauchioceras, Furoniceras (new, type species 
F. trumpyi, new), and Leoniceras are re- 
corded from the Lower Turonian and 
Libycoceras from the Upper Maestrichtian. 
At all three horizons the faunas exhibit a 
typically Tethyan aspect. 

In the years since 1957 Reyment has 
added several more important contributions 
to the knowledge of the Upper Cretaceous 
ammonites of Nigeria and the Cameroons to 
those previously (Haas, 1958, p. 627, 628) 
reviewed. In the first of these papers (1957b) 
he infers from the occurrence of an ammo- 
nite identified as Texanites aff. hourqui 
Collignon the presence of the Lower San- 
tonian in northeastern Nigeria. In a larger 
contribution (1957c)* Reyment creates six 
new species and a new subspecies in the 
ammonite genera Acanthoceras, Sphenodis- 
cus, Watinoceras, Cotlopoceras, Peroniceras, 
and Dipoloceras. The new Peroniceras 
species, P. quadrituberculatum, is made the 
type species of a new subgenus Reginaites. In 


* The reviewer would prefer its title to read 
“Ueber einige fossile Wirbellose..."’ rather 
than ,‘‘Ueber einige wirbellose Fossilien. ..."’ A 
single Dinosaur femur is “‘wirbellos’’ but still 
part of a fossil vertebrate, not invertebrate. 
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addition to the genera mentioned, .lcompso- 
ceras, ?Gauthiericeras, ?Calycoceras, Turri- 
lites, Gyaloceras, Oxytropidoceras, Pachydis- 
cus, and Desmoceras are represented. The 
chronological range of all these ammonites 
extends from Middle Albian to Upper 
Maestrichtian. | cannot help praising the 
views of the holotype of Dipoloceras hausa 
Reyment (pl. 8, figs, la,b) as two of the most 
beautiful photographs of ammonites I have 
ever seen. Still another of Reyment’s papers 
dealing with the Cretaceous of Africa 
(1958c) serves a purpose similar to that of 
his paper 1958b here it is 
Solger’s monograph of 1904 on the fossils of 
the Cretaceous Mungo beds of the Cam- 
eroons whose taxonomy is brought up to 
date. Most of Solger’s originals, as far as 
they are still availabe, are refigured in clear 
photographs. As now revised, the Mungo 
fauna includes members of the following 
ammonite genera: Pachydesmoceras, Benuei 
tes, Kamerunoceras, Watinoceras, Neo 
ptychites, Choffaticeras, and Hoplitoides of the 
Turonian, Baculites, Tissotia, Peroniceras, 
Solgerites, Dordiella (new, type species D. 
bakundu new species), and Forresteria of the 
Coniacian, Texanites and Pseudoschloen- 
bachia of the Santonian. The ontogeny of a 
new species of the last genus, P. bakwerri, 
suggests to the author a possible relationship 
of this genus with the Collignoniceratidae, 
their subfamily Barroisi- 


(see above); 


especially with 
ceratinae. 
Switching now to the Americas, we dis- 
cuss first two papers by Donovan dealing 
with Cretaceous ammonites from Green- 
land. The first of these (1953) has already 
been reviewed above (p. 583), as far as it is 
concerned with Upper Jurassic Ammo- 
noidea. Here it remains to discuss that part 
of it that is devoted to Cretaceous ones. The 
latter comprise a Valanginian Phylloceras 
and two Lytoceras species, one also Valan- 
ginian, the other Aptian. The genus repre- 
sented by the greatest number of species, 
however, is the middle Valanginian Poly- 
ptychites with nine species, one of them new, 
referred to P. s. str. and three more, all new, 
to the subgenus Euryptychites. Other genera 
present of the same age are Dichotomites (one 
new variety) and Neocraspedites (two new 
From the Aptian a species of 
Sanmartinoceras is recorded, from the 


species). 
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Albian a new species of ‘‘Puzosia’’ and one 
new species each of rcthoplites and Ley- 
meriella and an indeterminable doubtful 
mortoniceratid. Of Upper Cretaceous stages 
the Cenomanian has yielded three forms of 
Schloenbachia, the Turonian two species ot 
Scaphites, and the Campanian two mort 
forms of this them new. 
Another paper by (1954a) de 
and illustrates Upper Cretaceous 
ammonites from East Greenland, namely, 
one species each of Phylloceras, Lytoceras, 


genus, one of 
Donovan 


scril eS 


and Gaudryceras and six species of Schloen- 
bachia from the doubtful 
Collignoniceras from the Turonian, and the 
mentioned, S 
the Cam 


Cenomanian, a 


Scaphites species just 
Donovan, 


new 
greenlandicus from 
panian. 

Proceeding to the American continent, we 
begin with the Texas Cretaceous. On this, 
two more contributions by Young can be 
listed (see Haas, 1958, p. 630, 631). One of 
them (1958a) revives the generic 
Graysonites Adkins, a nomen nudum, for a 
group of Lower Cenomanian acanthocera 
tids, split into four new species: G. losot, the 
type species, and three more, one of them 


nahie 


previously recorded as -lcanthoceras aff. cun 
ningtont by Bése and Adkins. Young's other 


paper (1958b) describes a faunule from 
Trans-Pecos Texas consisting of members of 
the genera Hypoturrilites, 
Neopulchellia, ?Utaturiceras, Metoicoceras, 
Watinoceras, and Pseudouhligella; the Metoi 
coceras is dated Lower Turonian, the other 
forms Cenomanian, the older among 
them believed to have been redeposited. 
Four among the Cenomanian genera, viz., 
Hypoturrilites, Ostlingoceras, Neopulchellia, 
and Pseudouhligella, are new to Texas. 

Clark (1958) discusses records of -1niso 
ceras and from Texas 
reaches the conclusion that only the first 


Ostlingoceras, 


ones 


Ancyloceras and 
genus is there represented by three species, 
one of them new. In another paper (1960) 
the same author proposes a new species of 
Parapuzosia (Austiniceras) from the (Upper 
Turonian) Eagle Ford formation of Dallas 
County. His holotype, the only specimen, 
although septate throughout, measures 600 
mm. in diameter and must have attained 
considerable size when complete, perhaps 
even one comparable to that of the enor 
mous disks, attaining diameters of up to 
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more than 1.4 m., of the same genus 
recorded by Scott and Moore (1928) from 
the Del Rio road near Eagle Pass, Texas, 

A small assemblage of Lower Turonian (or 
uppermost Cenomanian) age from Arizona, 
consisting of species of the acanthoceratid 
genera Metoicoceras, Calycoceras, and ?Dun- 
veganoceras, is described and amply illus- 
trated in a third paper by Young (1957); all 
the species are considered new but only 
those referred to the two first genera are 
named. 

Cobban’'s many valuable contributions on 
Upper Cretaceous Ammonoidea from the 
western interior of the United States have 
erroneously been omitted in the first part of 
this review. They are now included here, 
along with a later paper of his. Perhaps most 
important among those earlier papers is his 
beautifully illustrated study of the scaphi 
toids from the Greenhorn, Carlile, and 
Niobrara formations of the Colorado group 
(1951a) in which 49 forms, 34 of them new, 
are carefully described and separated from 
one another. Of those 49 forms 39 are re- 
ferred to Scaphites s. str., nine (six species, 
three of them with one variety each) to a 
new genus, Clioscaphites, based on C. mon 
tanensis Cobban as its type species, and one 
to Desmoscaphites. Three shorter papers by 
this author deal with baculitids; two of them 
(1951b, 1958) erect 
Baculites which, along with other species of 


five new species of 
this genus, constitute valuable indices for 
zones of the Upper Colorado and Montana 
groups; a third (1952) proposes a new genus, 
Pseudobaculites, for P. nodosus Cobban, the 
type species, and P. wyomingensis Cobban. 
A more comprehensive paper (1953a) has for 
its subject the Cenomanian ammonites of 
the genera \Metoicoceras (two new species) 
and Dunveganoceras (one new species, one 
new subspecies) of the Mosby sandstone of 
central Montana. In 1953b Cobban records 
a new species of Prionocyclus, P. quadratus, 
from the Upper Carlile shale of Montana 
and South Dakota, and in a joint paper with 
Rohrer and Erdmann (1956) the Turonian 
species Collignoniceras woollgari (forma typ- 
ica and varieties regularis and intermedia) 
from a locality in Toole County, Montana. 

A considerable amount of new literature 
Cretaceous ammonite 
the Pacific border of 


assem- 


North 


deals with 


blages from 
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America. Starting high in the North, we 
encounter there the first of the results of 
Matsumoto's most successful “‘invasion”’ of 
the United States for the purpose of correla- 
tion of American and Japanese knowledge 
on Cretaceous ammonites. This is his study 
on Cretaceous (Cenomanian) ammonites 
from Alaska (1959a). Altogether 17 species, 
four or possibly six of them new, of the 
families Phylloceratidae (Partschiceras, Neo- 
phylloceras), Desmoceratidae (Desmoceras, 
Pachydesmoceras), Kossmaticeratidae (.Mar- 
shallites, Eugunnarites, and Maccarthyites, 
new, type species \/. gracilis Matsumoto), 
Placenticeratidae (Proplacenticeras), Tetra- 
gonitidae (Parajaubertella, Anagaudryceras, 
Zelandites, and Tetragonites), and Aniso- 


ceratidae (.1misoceras) are described and 
beautifully illustrated. 
Also from Alaska are four new genera, 


established by Imlay (1959); three of them, 
Moffitites, Freboldiceras, Kennicottia, are 
referred to the subfamily Puzosiinae of the 
Desmoceratidae, the fourth, Parasilesites, to 
the family Silesitidae. Here again, as in the 
case of Wiedmann (p. 588) the reviewer 
wonders if their differences from previously 
established genera wide enough to 
justify creation of new ones. A similar doubt 
is expressed by Howarth (1960) concerning 
the differences of the perisphinctid genus 
Homolsomites Crickmay, 1930, explicitly 
maintained by Imlay (1956), from Neocra- 
spedites. ‘‘Homolscomites”’ is Valanginian in 
age and ranges from California through 
Oregon and Washington to British Colum 
bia; according to Imlay, it occurs also in 
Greenland. In a third paper (1957) Imlay 
proposes three more new generic names for 
Hauterivian ammonites from California and 
Oregon: Hannaites, a_ berriasellid, and 
Wellsia, Hertleinia, since emended (Imlay, 
1958) to Hertleinites, and Hollisites, all 
olcostephanids. Here, too, I feel some doubts 
as to the necessity of the creation of these 


are 


new generic names. 

In 1958 the great monograph by the late 
F. M. Anderson on the Upper Cretaceous 
(Albian to Maestrichtian Danian) of the Pa- 
cific Coast, dating back to the early for- 
ties, was finally published under the editor- 
ship of J. Wyatt Durham. Oniy about one- 
fourth of this paper (p. 180-273) is devoted 
to the ammonites of the region. The date of 
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the editorial preface (April 17, 1950) ex- 
plains to a certain extent that the nomen- 
clature is here and there somewhat out- 
dated. For example, the author was igno- 
rant of the fact that the name Cyrtochilus 
Meek, 1876, is a junior homenym of Cyrto- 
chilus Jakowlow, 1875, and has, therefore, 
had to yield to its objective junior synonym 
Sciponoceras Hyatt, 1894, which is based on 
the same type species, Hamites baculoides 
Mantell, or of the substitution by Breistrof- 
fer, for similar reasons, of the name Colligno- 
niceras for Prionotropis. As might be 
expected, many new specific names are 
proposed and also a subgeneric one and six 
generic ones. However, none of these seven 
supraspecific names is likely to survive the 
revision of Anderson's taxonomy by Matsu- 
moto (1959-1960). Five of them are there 
with certainty considered synonyms, namely, 
Neokotéceras (type species N. fresnoense 
Anderson, Campanian or Maestrichtian) of 
Damesites Matsumoto, Joaguinites (type 
species J. fascicostatus Anderson, same age) 
of Pachydiscus s. str., Butticeras (type 
species B. buttense Anderson, Campanian) of 
Submortoniceras Spath, Oregoniceras (type 
species Schloenbachia oregonensis Anderson, 
Turonian) of Subprionocyclus Shimizu (see 
also Wright, 1957, p. L427), and Eocanado- 
ceras, proposed as a subgenus of Puzosia 
(type species E. hannai Anderson, Turon- 
ian) of Jimboiceras Matsumoto, and two 
more doubtfully, viz., Neocyrtochilus (type 
species V. bryani Anderson, based on a very 
poor specimen, Upper Campanian) of 
Polyptychoceras Yabe and Exicrioceras (type 
species E. ortigalitense Anderson, Maestrich- 
tian) of Extteloceras Hyatt. The need for 
such taxonomic and nomenclatural emenda- 
tion does, however, in no way impair the 
lasting value of Anderson's monograph; the 
stratigraphic section and those parts of the 
paleontological one that are concerned with 
invertebrates other than Ammonoidea are 
not affected by Matsumoto’s revision; as far 
as the ammonites themselves are concerned, 
the careful descriptions, meticulous data 
on occurrence, and abundant illustrations 
are bound to be of great assistance to future 
students. 

Matsumoto’s monumental monograph on 
Upper Cretaceous ammonites of California 
(1959-1960) which, as just mentioned, 
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supersedes Anderson's, was published in 
three parts; the first is devoted to the 
baculitids, the second to all other ammo- 
noids, and the third to the stratigraphy and 
the conclusions. The ammonites here studied 
range in age from Upper Albian to Mae- 
strichtian. It is somewhat surprising to find 
only two new species of Baculites and one 
renamed species of Acanthoceras proposed in 
a work of this scope. This is obviously due to 
the many earlier studies on this fauna and 
related This reviewer derives even 
more satisfaction from the fact that, in 
contradistinction to so many much shorter 
papers here reviewed and also to earlier 
papers by the same author, not a single new 
generic name is here proposed. (The author 
suspects one form doubtfully referred to 
Eucalycoceras to represent a new genus but 
wisely refrains from naming it.) An extreme 
refinement of the stratigraphic sequence of 
the ammonite faunas of California and the 
realization of their intimate connections 
with those of Japan must be counted among 
the most valuable results of this work. 

Before leaving the Pacific coast of North 
America, we mention a paper by Murphy 
and Rodda (1959) on one new species each of 
the genera Desmoceras (Pseudouhligella) and 
Cleoniceras from the Albian of northern 
California. 

A paper by Imlay (1954) on Barremian 
ammonites, mostly juveniles, of the genera 
Phylloceras, Lytoceras, ?Hamulina, ? Ancylo- 
ceras, Leptoceras, Melchtorites, ?Barremites, 
?Saynoceras, Pulchellia, Karstenia, and 
?Nicklesia from Trinidad, B.\V.I., is here 
mentioned only belatedly. 

A few papers deal with South American 
Ammonoidea. Leanza (1958) describes, and 
dates as Upper Valanginian, four species 
(two represented by two specimens each, the 
two others by only one specimen each) of the 
typically boreal genus Simbirskites from 
Argentina. It is worth noting that, in this 
paper, the author considers ammonites in 
general less useful than other fossils for 
paleozoogeography, mainly because ammo- 
nite sequences in a given basin may be 
interrupted by stratigraphic gaps. 

The three other papers on South Ameri- 
can ammonoids are devoted to ammonites 
from Colombia (and Venezuela). In his 
biostratigraphy of the Sabana de Bogota 
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Birgl lists and illustrates many Berriasian 
(including some dated Upper Tithonian by 
him) to Maestrichtian forms from an area 
extending over a large section of Colombia. 
Some of these are also described and figured 
by Haas (1960) among 48 from the Cordil 
lera Oriental which range in age from Lower 
Berriasian to Barremian. The _ families 
represented are Ancyloceratidae, Ptycho 
ceratidae, Haploceratidae, Perisphinctidae, 
Olcostephanidae, Berriasellidae, Desmo 
ceratidae, Holcodiscidae, Pulchelliidae, and 
Douvilleiceratidae. Olcostephanus, Berria 
sella, Substeueroceras, Thurmanniceras, Fav 
rella, Sarasinella, Acanthodiscus, Pseudo 
osterella, and Nicklesia are the most abun 
dant or otherwise important genera. Many 
species are considered new but only twelve 
among these are named. Among. those, 
Substeueroceras mutabile is remarkable for 
the thorough changes it undergoes in its 
ontogeny. The small genus Pseudoosterella 
has previously been known only from 
Europe. A single individual closely resem- 
bles the rare /lolcodiscus camelinus (d’Or- 
bigny) from Escragnolles (southern France). 
A postscript to this paper notes the close 
similarity between some of these Colombian 
forms and some described and figured by 
Sato (1958, see below) from Japan. Coni 
acian ammonites from Colombia and the 
adjacent Maracaibo area of Venezuela con- 
stitute the subject of the last of the many 
papers by Reyment (1958a) covered by the 
present review; they are referred to the 
genera Baculites, Niceforoceras, Reesidites, 
Prionocycloceras, Forresteria, and Paralenti- 
ceras (one species, new). 

Howarth’s (1958) work on Cretaceous 
ammonites from Alexander Land and 
Graham Land has already been discussed 
above (p. 583). 

On the other side of the Pacific, Glaessner 
(1958) records several ammonite species, 
referred to the genera Chimbuites Casey and 
Glaessner (new, type species Ch. sinuoso 
costatus Casey and Glaessner), Puzosia, 
Myloceras, and Labeceras, from the Albian of 
New Guinea. The diagnosis of the new genus 
is given by Casey who places it in the 
Hoplitidae, close to Puzosigella Casey, 
Lemuroceras Spath, and Cymahoplites Spath, 
and also notes its similarity to Pachydesmo- 
ceras and Uhligella of the Desmoceratidae. 
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Perhaps owing to Matsumoto's recent 
concentration on Alaskan and Californian 
ammonite faunas, the literature on Japanese 
ones is represented in this part of our review 
by markedly fewer titles than in the first. 
Still, two more papers by that author can 
here be mentioned. One (Matsumoto, 1957) 
describes and illustrates a new species of 
Damesites, D. ainuanus, from the Turonian 
of Hokkaido, the other (Matsumoto, 1959b) 
is essentially concerned with the zonation of 
the Upper Cretaceous of Japan but, because 
of its line drawings of desmoceratid, pachy 

discid, and kossmaticeratid species serving 
as zonal indices, also constitutes a valuable 
contribution to ammonite study. Jointly 
with Saito and Fukada, Matsumoto (1957) 
devotes Part XI of the series on Cretaceous 
ammonites from Hokkaido and Saghalien to 
the Acanthoceratidae from Hokkaido. In 
that area this family is represented by the 
previously known genera  \/antelliceras. 
Calycoceras, Romaniceras, icanthoceras, 
omphaloceras, and Protacanthoceras ; in addi- 
tion, a new genus, JVubariceras, closely 
related to Acanthoceras and Romaniceras, is 
proposed for J]. yubarense, the type species, 
and two more forms. As far as the age of 
these ammonites could be ascertained, it 
ranges from Paleogyliakian (Upper Ceno 
manian) to Neogyliakian (Turonian). Sato 
(1958b) proves, by records of the genera 
Olcostephanus, Thurmanniceras, Kilianella, 
and Berriasella, the presence of the Berria 
sian on the Kitakami plateau of northern 
Japan. The striking similarity of some of his 
forms to Colombian ones of about the same 
age has been mentioned above. 

By way of appendix to this review of the 
latest Japanese literature on ammonites two 
papers by Obara are mentioned here, al- 
though the first of them (1959), on the 
relative growth in some desmoceratids, does 
not deal exclusively with Japanese speci- 
mens. Here the author reaches the conclu- 
sion that relative growth in all species 
examined follows, in general, the same rule 
but that all the same every species exhibits 
its particular mode of growth. The second 
paper (Obara, 1960) is devoted to a mathe- 
matical analysis of the spiral in some ammo- 
nites of the families Phylloceratidae, Tetra- 
gonitidae, and Desmoceratidae; here, too, a 
general equation is arrived at but peculiari- 
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ties according to family are recognized and 
variations in the course of the ontogeny are 
observed in some species. 

Postscript.—Only after conclusion of this 
essay-review did I see Chao Kingkoo’s 
(1959) extensive monograph on Lower 
Triassic ammonoids from the Chinese 
province of Kwangsi but I have not yet had 
an opportunity to study it. I intend to re- 
view it at some later date. 
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PLEISTOCENE BIGHORN SHEEP FROM THE GREAT BASIN 


WM. LEE STOKES ann KENT C. CONDIE 
University of Utah, Salt Lake City, Utah 


Assrract—Partial skulls of 15 bighorn sheep mostly from Pleistocene lake deposits 
near Salt Lake City have been measured and compared with living forms from 
North America and the Old World. The Great Basin specimens all belong to one 
species and are referred to Ovis catclawensis, Hibbard and Wright, previously known 
only from a fragmentary jaw from Mohave County, Arizona. Ovis catclawensis 
resembles Ovis ammon from the High-Asian plateaus more than it does the living 
North American species, Ovis canadensis. Details of bighorn migrations between 
North America and Eurasia are not vet fully understood 


INTRODUCTION 


EMAINS of about 15 Pleistocene bighorn 
R sheep have been accumulated in collec- 
tions of the Department of Geology, Uni- 
versity of Utah. Practically all the speci- 
mens consist of one or two horn cores 
attached to posterior cranial elements. A few 
loose teeth, vertebrae and limb bones are 
also represented. Most of the specimens 
were found in the Hardman Gravel Pit in 
the foothills of the Wasatch Range in north- 
eastern Salt Lake City; a few came from 
other gravel pits at the same geological level 
and one specimen was discovered beneath a 
Pleistocene volcanic ash bed in the East 
Humboldt Range near Winnemucca, Ne- 
vada. (See text-fig. 1 for localities.) 
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PREVIOUS CONTRIBUTIONS ON FOSSIL 
BIGHORN SHEEP FROM NORTH AMERICA 


Very few papers have been published on 
Pleistocene bighorn sheep of North America. 


Among the significant reports are those of 
Osborn (1910) describing remains of Ovis 
montana from Washington Lake, Franklin 
Couty, Washington; of Lambe (1912) dis- 
cussing remains from Pleistocene river 
gravels of Last Chance Creek in Yukon 
Territory; and of Frick (1937) of two big- 
horn sheep from the Kowak clay of Alaska. 
On the basis of skull and horn-cores Frick 
described a new species, Ovis dorshi and a 
new subspecies, Ovis dalli katsent. 

More recently Stovall (1946) reported a 
partial skull with horn-cores from river 
gravels near Bloomfield, New Mexico. 
Stovall compared this specimen with mod 
ern species of Ovis canadensis and concluded 
that it belongs to the same species. Another 
important discovery is that reported by 
Hibbard and Wright (1956) from Catclaw 
Cave in Mohave County, Arizona. The find 
consists of a portion of the right lower jaw 
with five teeth (P3 to M3). This formed the 
basis for a new species, Ovts catclawensis, 
which is similar to the modern bighorn sheep 
of central Asia, Ovis ammon. 


LIVING BIGHORN SHEEP 

The bighorn is one of the few relatively 
large living mammals with which Pleisto- 
cene fossils may be compared. Eight species 
of bighorn sheep are found living in Eurasia; 
their approximate distributions are shown in 
text-figure 2. Ovts musimon is found only in 
Corsica. and Sardinia; Ovis ophion, which 
apparently represents the ancestral stock of 
all bighorn sheep, is found only in Cyprus 
and southern Turkey; Ovis orientalis, Ovis 
gmelini, and Ovis laristanica have limited 
distributions in Iran and Pakistan; Orts 
vignet is found mainly in Afghanistan and 
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rext-F1G. 1— Locality map showing sites where fossil bighorn sheep have been reported 
in the western interior of the United States. 


the area immediately south of the Caspian 
Sea. Ovis ammon, found in Tibet, Mongolia, 
and southern Siberia, has the broadest 
distribution of any bighorn sheep in Eur- 
asia; Ovts nivicola is found in the extreme 
northeastern part of Siberia. The first six 
species belong to the Mufloniformes which 
are much smaller sheep and apparently 
ancestral to the last two species, i.e., ammon 
and nivicola which belong to the -.1rgali- 
formes. 

There are only two species of bighorn 


sheep found in North America today—Ovis 
dalli and Ovis canadensis. There are two 
subspecies of Ovis dalli, both found in north- 
western Canada and Alaska, while seven 
subspecies of Ovis canadensis are found in 
western North America. Text-figure 3 shows 
the distribution of North American species 
and subspecies prior to the sixteenth cen- 
tury. After this time extensive hunting has 
greatly reduced the number in North 
America. All of the North American bighorn 
sheep belong to the .lrgaliformes and were 
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apparently derived from the ammon-nivicola 
stock during Pleistocene times. 


STRATIGRAPHIC AND ENVIRONMENTAL 
SIGNIFICANCE 


All but one of the bighorn sheep speci- 
mens in the University of Utah collection are 
from the Pleistocene Alpine Formation. This 
formation is a deposit of the largest lake of 
the Bonneville basin and consists of gravel, 
sand, silt, and clay. At the present time, the 
age of the Alpine Formation is in doubt but 
studies currently in progress may serve to 
fix the age more or less accurately in terms of 
the standard Pleistocene subdivisions. 

The bighorn remains are found in the 
nearshore facies of the Alpine Formation 
chiefly in gravel and coarse sand. The rapid 
burial by delta and embankment gravels 
from the steep shores of the lake are prob- 
ably responsible for the preservation of the 
remains. Some of the bone fragments, how- 
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ever, show evidence of reworking by waves 
The total female or juvenile 
specimens and the scarcity of all but skulls 
with horn cores is difficult to explain. Per- 


absence of 


haps the spot was frequented by solitary 
old males no longer associated with the herds 
in their more normal ranges. One important 
discovered beneath a_ vol 
canic ash bed in Willow Canyon in 
northern Nevada. Apparently the individual 
was killed and buried by the Pleistocene ash 
fall. 


specimen was 


Creek 


SPECIMEN DESCRIPTIONS 
AND COMPARISONS 


General Statement. Table 1 summarizes the 
horn core and skull measurements of four- 
teen of the Pleistocene specimens from the 
Great Basin, Stovall's 
modern Ovis canadensis, modern 
Ovis ammon. Table 2 the 
authors believe to be the most significant of 
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Pext-riG, 3—Distribution of species and subspecies of bighorn sheep in North America 
before the sixteenth century 
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SASIN SPECIMENS 


n basioccipital 


Minimum mastoid width 


ZS | Maximum orbital width 


isis from the Dept 


S. National Museum are also tabulated { 


obtained the 
Great Basin specimens; each measurement 


these measurements 
was made on no less than five individuals. 
Table 3 teeth 
measurements of the Great Basin specimens 
Ovis canadensis, 


tabulates the jaw 


along with two modern 
modern Ovts ammon, and Ovts catclawensts. 
lable 4 summarizes and compares the most 
significant obtained from 
the Great Basin specimens with the living 
North American subspecies of Ovis cana- 
densis and Ovtis dallt as determined by 
(1940). Text-figs. 4-6 three 


views of the better Great Basin specimens. 


measurements 


Cowan show 


2—-TABULATION OF THI 


Sexual, Age, and Individual Variations. 
Sexual variation affects bighorn sheep in 
essentially two ways: (1) the total size of the 


animal (males being the largest), and (2) the 
size and shape of the horns and horn cores. 
lhe males have much more massive horns 
and horn cores than do the females; the 
horns of the male are also longer and have a 
characteristic spiral shape, while the horns 
of the female are shorter, thinner, 
curved, and more pointed. All of the Pleis 


less 


tocene Great Basin specimens are males as 
evidenced by the massive horn cores and 
large teeth. 


Most SIGNIFICANT MEASUREMENTS OBTAINED 


FROM THE GREAT Basin BIGHORN SHEEP 


Maximum core circumference 

Mastoid width 

Minimum basioccipital width 

Orbital width 

Maximum diameter of 
cores at base 


horn 


N =number of specimens; M =mean value 


R =range of variation; SI) =standard deviation 
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The cranial sutures of the bighorn begin 
to fuse at about five years of age, and by the 
tenth year, all but the nasal-premavillary 
sutures are completely fused. In most of the 
Great Basin specimens, sutures are difficult 
to trace with the naked eye, especially those 
between the frontal and parietal bones. The 
degree of fusion and the massiveness of the 
horn cores suggest that all specimens repre- 
sent individuals ten years or more in age. 

The modern specimens of Ovis canadensis 
and Ovis dalli described by Cowan (1940) 
as well as the modern specimens measured 
by the authors are also more than five years 
in age which insures a reliable comparative 
basis. Measurements of teeth are essential 
for species determination and comparison. 
Unfortunately, only three of the Great 
Basin specimens contain teeth. 

Horn Core Measurements. The 
diameter and circumference of the horn 
cores were obtained from thirteen of the 
Great Basin specimens and represent maxi- 
mum values. Apparently, these specimens 
lie between Ovis ammon and Ovis canadensis 
with respect to these two measurements. 
The range of variation of the basal circum- 
ference slightly overlaps that of Ovts cana- 
densis (Tables 2 and 4). 

Because the tips of the cores are missing 
in some of the specimens, the lengths of the 
cores (measured on the top side of the curve) 
represent minimum values. The distance 
between the horn core tips was available on 
only three specimens; this measurement also 
represents a minimum value.¥ Because the 
tips are missing on most of the Great Basin 
specimens, these two measurements cannot 
be compared with the corresponding meas- 
horn cores of modern 


basal 


urements on the 
bighorns. 

The minimum distance between the horn 
core bases apparently has little significance 
because of its wide range of variation in all of 
the specimens (15 to 30 mm.). The angle 
between the horn cores also represents a 
minimum value; this is the only horn core 
measurement in which there is a great 
difference between the Great Basin speci- 
mens and Ovis ammon. 

Even though all of the Great Basin speci- 
mens are males of approximately the same 
age, there is an obvious wide range of varia- 


tion. Individual variation in the horns of 
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bighorn sheep lessens the value of horn core 
measurements in identification. 

Skull measurements. Because the rim of 
the orbit is partially or completely missing in 
most specimens, the orbital width of the 
skull was taken with the calipers resting 
between the base of the horn core and the 
rim of the orbit. Cowan (1940) obtained the 
orbital width measurement between the 
notches on the rim of the orbit; for this 
reason, it is impossible to compare the two 
sets of data. The orbital width of two of the 
Great Basin specimens (Bo 21 and Bo 20) is 
very similar to the orbital width obtained 
from the modern Ovis ammon; this measure- 
ment taken from four other Great Basin 
specimens (Bo 25, Bo 26, Bo 40 and Bo 41a) 
is very close to the modern Ovis canadensis. 
The maximum diameter of the occipital 
condyles, because of its wide range of varia- 
tion (55 to 83 mm.), apparently has little, if 
any, value. 

The mastoid width (obtained from five of 
the Great Basin specimens) was taken with 
the calipers resting on the widest portion of 
the occiput. In some cases, parts of the 
occiput were missing and hence the results 
obtained are minimum values. This meas 
urement is somewhat intermediate between 
Ovis ammon and Ovis canadensis; however, 
it most closely approaches that of Ovts 
canadensis. 

The minimum width of the basioccipital 
was taken with the calipers resting on the 
inner edges of the foramina ovale; the values 
obtained for the distance between the 
supraorbital foramina were also taken with 
the calipers resting on the inner edges of the 
foramina. These two measurements are 
considerably greater in Ovis ammon than 
they are in the Great Basin specimens. 

The width of the skull at both the facial 
tuberosities and the inner edges of the infra- 
orbital foramina represent maximum values. 
Both of these measurements are almost iden- 
tical to those obtained from the modern 
Ovis ammon. 

Jaw and Teeth Measurements. Jaw and 
teeth measurements of three Great Basin 
specimens (Bo 40, 41, 42), Ovts catclawensts, 
two modern Ovis canadensis, and a modern 
Ovis ammon are summarized in Table 3. 

The palatine width at M3 was taken with 
the calipers resting in the re-entrant notch; 
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while the palatine width at P2 was taken 
with the calipers resting between the maxi 
mum transverse widths of the premolars. 
There is very little difference between the 
palatine widths at M3 in any of the speci 
mens measured (Pleistocene or modern). On 
the other hand, the palatine width at P2 
obtained from the Great Basin specimens is 
much closer to that of Ovis ammon than it is 
to Ovis canadensis. 

The alveolar length of the Great Basin 
specimens is almost identical to Ovis ammon 
and Ovts catclawensis, while it is from 15 to 
18 mm. larger than the alveolar length ob- 
tained from the modern Ovts canadensis. 

The anterior-posterior length of each of 
the upper pre-molars and molars of the 
Great Basin specimens is as great or greater 
than in the modern Ovts canadensis. Both 
the Great 
clawensis have a greater transverse width of 
each respective tooth (with exception of M3) 
than the transverse widths of either of the 
modern Ovis canadensis. In fact, with excep- 
tion of the M2 and M3 measurements, the 
transverse widths are very close to those of 


Basin specimens and Orts cat 


Ovis ammon. 

It is obvious from this table that most of 
the measurements obtained from the Great 
Basin specimens are much closer to corre- 
sponding measurements obtained from Ovts 
ammon and Ovis catclawensis than to those 
obtained from Ovts canadensis 

Comparisons with Cowan's data. Table 4 
summarizes the comparative measurements 
of the Great Basin specimens and nine living 
North American subspecies of Orvis cana 
densis and Ovis dalli. The information 
pertaining to these living sheep is taken 
from Cowan (1940). Since no two individ 
the 
same place minor differences in measure- 
ments are probably insignificant for classifi 


uals obtain measurements at exactly 


cation purposes. 

From column one of Table 4 it is apparent 
that the mastoid width of Great Basin sheep 
is greater than that of any living subspecies 
of bighorn sheep in North America with the 
exception of O.c. canadensis ; the upper limits 
of the range of variation of O.c. canadensis 
overlaps only very slightly the lower limits 
of the range of variation of the Great Basin 
specimens. The maximum difference be- 
tween the mean values of the mastoid width 
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for the living bighorn sheep is 9 mm.; the 
minimum difference between the Great 
Basin bighorns and the living subspecies of 
North America is 14 mm. Apparently the 
mastoid width of the Great Basin sheep is 
much larger than any living species or sub- 
species of bighorn sheep in North America 
today. 

Column two of Table 4 tabulates the data 
pertaining to the width of the palatine bone 
at the third molar. The one specimen in the 
Great Basin collection that this measure 
ment could be obtained from showed it to 
fall within the upper limits of four sub- 
species of Ovis canadensis. 

Column three of Table 4 compares the 
various widths of the palatine bone at the 
second premolar. Here again the Great 
Basin specimens fall within the upper limits 
of three living subspecies of Ovis canadensts. 

The alveolar length of the upper molar 
series of the Great Basin specimens is com 
pared to the living North American forms in 
column 4. The two specimens that this 
measurement could be obtained from 
showed it to be greater than the range of 
variation for all but two subspecies (i.e., 
o.c. auduboni and o.c. californiana) of North 
American bighorn sheep. 

The minimum basioccipital width of the 
Great Basin sheep falls well within the range 
of variation of the modern O.c. canadensis as 
shown in column 5. The range of variation of 
the maximum core circumference of modern 
O.c. canadensis overlaps 15 mm. with that of 
the Great Basin sheep as shown in column 6. 


ORIGIN AND CLASSIFICATION OF NORTH 
AMERICAN PLEISTOCENE 
BIGHORN SHEEP 
On the basis of comparative measure- 


ments it must be concluded that the Great 
Basin Pleistocene bighorn sheep do not 
belong to either of the two species now 


inhabiting North America. However, the 
jaw described by Hibbard and Wright 
(1956) apparently belongs to the same 


species as the Bonneville specimens and the 
specimen from Nevada. For this reason, the 
authors tentatively assign the Great Basin 
sheep to Ovis catclawensis after the holotype 
described by Hibbard and Wright. 

The bighorn was one of the many animals 
that took part in a general migration across 
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Evolution-migration routes of big- 
Pleistocene time (after 


PEXI-FIG, 7 
horn sheep during 
Shushkin, 1925). 


the Bering Straits to North America during 
early Pleistocene times (Cowan, 1940). 
Ancestors of Ovis catclawensis apparently 
arrived in North America between the end of 
the Tertiary and the time of the Alpine 
Formation which is considered to be of early 
Wisconsin age. 

The ancestry of North American bighorn 
sheep is not entirely clear. Cowan believes 
the reduced size of the rostral portions of the 
skull of Ovis nivicola is a primitive character 
and hence all American sheep had nivicola 
like ancestors; he believes that Ovts cana- 
densis (and Ovis dalli) are more recent and 
highly specialized forms of Ovts nivicola. 

On the other hand, Sushkin (after 
Severtzov and Nassonov), 1925, believes the 
characters of Ovis canadensis are primitive 
and that those of Ovis nivicola (and Ovts 
dalli) are much more advanced. He states 
(p. 151): 

“Of the American and Siberian sheep which 
have many characters in common, nivicola, by 
its short ears and comparatively broad muzzle, 
differs more from other sheep; canadensis, by 
its lower ears and comparatively long and 
narrow muzzle, is considered as_ standing 
nearer to the High-Asian sheep, and probably 
in genetical connection with ammon.” 


Severtzov postulates a double migration 
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theory to explain the origin of North Ameri 
can and Siberian sheep. He derives all big 
horn sheep from the primitive stock, Ovis 
ophion, from the Aegean region of southern 
Europe. Ovis ophion apparently gave rise to 
(1) Ovis musimon, which migrated into 
southern Europe (2) Ovis laristanica, which 
migrated into southern Iran; and (3) Ovis 
vignet which migrated into northern Iran 
and Afghanistan region. Ovis vignei, in turn, 
gave rise to Ovis ammon (the first of the 
Argaliformes) which migrated into central 
Asia. Severtzov believes that the ancestors 
of ammon then migrated across the Bering 
Straits and gave rise to canadensis and dalli. 
Sometime during upper Pleistocene time, 
dalli ancestors migrated back the 
Bering Straits giving rise to the most highly 
evolved of bighorn sheep, Ovis nivicola. 
Text-figure 7 shows the proposed evolution 
migration routes suggested by Shushkin. 
The Great Basin specimens apparently 
substantiate Severtzov's rather than Cow- 


across 


an’s idea on the origin of North American 
the 
Great Basin specimens and living specimens 
of Ovis ammon, Ovis dalli, and Ovis cana- 
densis, indicate that the Great Basin sheep 
are much more closely related to the ammon 
stock than to the canadensis stock. It is 
believed that these specimens represent the 
ammon-like forms which migrated across the 
Bearing Straits in early or middle Pleisto- 
cene times. Through isolation (possibly 
caused by periodic ice sheets) these primi 
tive forms evolved into Ovis dalli in north- 
western North America and into Ovis 
canadensis in and southwestern 
North America. 

In summary, 
appear to be justified: 


bighorn sheep. Comparison between 


western 


the following conclusions 


(1) The Pleistocene bighorn from the Great 
Basin do not belong to any living species. 

(2) They are very similar to the extinct species, 
Ovis catclawensis (Hibbard and Wright, 
1956), and for this reason they are tenta- 
tively assigned to this species. 
The Great Basin specimens are middle to 
late Pleistocene in age. 
They are more similar to the living species, 
Ovis ammon, which inhabits the High- 
Asian plateaus than they are to the living 
species Ovis canadensis, which inhabits 
western North America today. For this 
reason, it is believed that they represent a 
direct migration of ammon-like ancestors 
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to North America in middle Pleistocene 


times. 
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MIOCENE 


FORAMINIFERA FROM THE LAJAS VALLEY, 


SOUTHWEST PUERTO RICO 
W. A. GORDON! 
University of Puerto Rico, Mayagiiez Campus, Mayagiiez, Puerto Rico 


\BSTRACI 


Fossils are recorded for the first time from a limestone in the Lajas 


Valley of southwest Puerto Rico. Twenty-three species of foraminifera are listed, 


and the other elements of the fauna are also rec orded. 


foraminiferal species 


are new, Pyrgo opima and Dendritina lajasensis. \t is concluded that the fauna is 


Miocene in age. 


INTRODUCTION 


HE LajAS VALLEY of southwestern 

Puerto Rico is a broad, flat-bottomed 
valley infilled with alluvium and lacustrine 
deposits of Quaternary age. It is considered 
by Kaye (1957) to be a graben. The princi- 
pal rocks of the area are mudstones, vol- 
canics, and limestones, which belong to the 
Cretaceous and early Tertiary Older Series 
of Puerto Rico. In the valley itself, the 
occurrence of rocks belonging to the middle 
Tertiary Younger Series of Puerto Rico has 
heen recorded by several authors including 
McGuiness (1948), Kaye (1957), and Matson 
(1960), but the age of these rocks has never 
been confirmed on the basis of fossil evi- 
dence. It is the purpose of the present paper 
to review such evidence as is available and to 
establish the age of these rocks as closely as 
possible. 

In a survey of the Lajas Valley, useful 
fossils, principally foraminifera, 
tained from only one outcrop. This is an 
exposure of a crumbly light yellow chalky 
limestone, showing no bedding, which is seen 
in a low road cut between kilometer stones 
17.8 and 17.9 on Puerto Rico highway 4. It 
is situated on the north side of the valley. 
just above the 25 meter contour and was 
recorded by Matson (1960) in his text as 
belonging to the Guanajibo formation. This 
formation was originally described by 
McGuiness (1948) from sub-surface occur- 
rences in wells at Mayagiiez, Puerto Rico, 
and other sub-surface limestones, sands, and 
clays in neighboring valleys of the western 
part of the island were placed with it by 


were ob 


' This paper is a contribution from the Insti- 
tute of Caribbean Studies, Mavagiiez, Puerto 


Rico 


analogy. The Mayagiiez material was said to 
be late Miocene or possibly Pliocene by 
Cushman on the basis of the foraminifera, 
although no report was published by him. 
None of the other occurrences of the Guana- 
jibo formation have been dated paleontolog- 
ically up to the present time, and the status 
of the formation as a stratigraphic unit is in 
some doubt. 


FOSSILS OTHER THAN FORAMINIFERA 


Apart from ostracodes, few fossils other 
than foraminifera were found in the Lajas 
Valley deposit. Among the microfossils were 
fish teeth, nepionic gastropods and pelecy 


pods, fragments of crustacean pincers, and 
one spicule of an alcyonarian coral. Larger 


included broken shells of several 
species of Pecten and internal casts of the 


following mollusks: 


fc ssils 


Natica sp. 
Conus sp. 
Cypraea sp. 
Corbula sp. 
Lucina sp. 


Ostracodes were abundant and usually well 
preserved. Eight species were found: 
Bairdia amygdaloides Brady 
Buntonia sp.? 
Costa meka van den Bold 
Costa variabilicosta (van den Bold) 
Cytherella aff. sylverinica Howe & Law 
Cytherella sp. 
Krithe aff. producta Brady 
Perissocytheridea matsoni (Stephenson) 


SYSTEMATIC DESCRIPTIONS 
OF THE FORAMINIFERA 
Family VERNEUILINIDAE 
Genus CLAVULINOIDES Cushman 1936 
CLAVULINOIDES POLYGONALIS 
Galloway & Heminway 
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Clavulinoides polygonalis Galloway & Heminwavy, 
1941, p. 327, pl. 7, figs. 4a,b. 


Material.—One specimen. 
Dimensions.—Length, 1.39 mm. 
Remarks.—The only specimen which was 


found is not well preserved. It appears to 
belong to this species, which was described 
by Galloway and Heminway from the 
Aguada limestone (Quebradillas formation) 
between Rio Piedras and Carolina, Puerto 
Rico. The Lajas Valley specimen is almost 
twice as long as the type specimen. 


Family VALVULINIDAE 
Genus CLAVULINA d'Orbigny 1826 
CLAVULINA TRICARINATA d’Orbigny 
Text-fig. 1—3,4 

Clavulina tricarinata d’Orbigny, 1839, p. 111, 

pl. 2, figs. 16-18; Cushman, 1937, ». 22, pl. 3, 

figs. 1-3; Galloway & Heminway, 1941, p. 326, 

pl. 7, figs. 8a,b; Bermadez, 1949, p. 79, pl. 4, 

figs. 11, 12. 

Material.—7 specimens. 

Dimensions.—Length, 0.8-1.41 mm. 

Remarks.—d'Orbigny described this spe- 
cies from the Recent of Cuba and Jamaica. 
It is widely recorded from the West Indies 
as a living form, and it is known also from 
the Lower Oligocene of Alabama, the Mid- 
dle Miocene Gurabo formation of the 
Dominican Republic, and the Miocene of 
Florida. It is regarded by Norton (1930) as 
being characteristic of ‘the shallow warm- 
water zone” and was found by him from the 
beach down to 16 fathoms. In northwestern 
Puerto Rico it ranges from the upper San 
Sebastian formation to the top of the 
Aymamon limestone; on the south coast it 
occurs in the Ponce limestone. 


Genus VALVULAMMINA Cushman 1933 
VALVULAMMINA CORNUCOPIA 
Galloway & Heminway 
Text-fig. 1—1,2 
Valvoulammina cornucopia Galloway & Hemin- 

way, 1941, p. 320, pl. 6, figs. 4a—c. 

Material.—5 specimens. 

Dimensions.—Height, 0.88—1.01 mm. 

Remarks.—This species was described by 
Galloway & Heminway from the San 
Sebastian formation between Lares and San 
Sebastian, Puerto Rico. In northwestern 


Puerto Rico it ranges from the middle San 
Sebastian formation to the Aguada lime 


MIOCENE FORAMINIFERA 


FROM PUERTO RICO 611 


stone; on the south coast it occurs in the 
Ponce limestone. 


Family MILIOLIDAE 
Genus QUINQUELOCULINA d'Orbigny 
(QQUINQUELOCULINA PYGMAEA Reuss 
Text-fig. 1—18-—20 
Quinqueloculina pygmaca Reuss, 1850, p. 384, pl. 
50, figs 3a—c; Galloway & Heminway, 1941, 
p. 304, pl. 2, figs. 7a—c. 
Material.—2 specimens. 
Dimensions.—Length, 0.61 and 0.73 mm. 
Remarks.—The surface of the test is 
faintly striate when viewed with the light 
source at a low angle. Reuss described this 
species from the Miocene of Austria. In 
northwestern Puerto Rico it ranges from the 
middle San Sebastian formation to the 
Aguada limestone. 


1826 


QUINQUELOCULINA LAMARCKIANA d'Orbigny 
Text-fig. 1—5-7 
Quinqueloculina lamarckiana d'Orbigny, 1839, p 

189, pl. 11, figs. 14,15. 

Quinqueloculina vulgaris d'Orbigny; Galloway & 
Heminway, 1941, p. 305, pl. 2, figs. 6a—« 
Material.—4 specimens. 
Dimensions.—Widths of the specimens, 

0.7, 0.72, 0.73, and 0.84 mm. The height is 

about one-eighth greater than the width in 

each case. 


Remarks.— This described 
from the Recent of Cuba and Jamaica. It 
differs from Q. vulgaris d’Orbigny in being 
more angular at the periphery and in having 
a simple instead of a bifid tooth. Petters & 
Sarmiento (1956) record without illustration 
a form which they call Quinqueloculina cf. 
lamarckiana d’Orbigny from the Oligocene 
of Colombia, but with this possible excep- 


species was 


tion the species does not seem to be known 
fossil outside Puerto Rico. In northwestern 
Puerto Rico it ranges from the middle San 
Sebastian formation to the Aguada lime- 
stone; on the south coast it occurs in the 
Ponce limestone. The Lajas Valley speci- 
mens differ slightly from the other Puerto 
Rican examples in not having the apertural 
lip which the latter usually display. 


Genus SPIROLOCULINA d’Orbigny 1826 
SPIROLOCULINA ANTILLARUM d'Orbigny 
Text-fig. 1—8,9 


Spiroloculina antillarum d'Orbigny, 1839, p. 166, 
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MIOCENE 
pl. 9, tigs. 3,4; Galloway & Heminway, 1941, p. 
300, pl. 1, figs. 6a—c. 


Vaterial.—One specimen. 
Dimensions.— Height, 1.43 mm. 
Remarks.—This was described 
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from the Recent, Mediterranean. In north- 
western Puerto Rico it ranges from the 
upper San Sebasti4én formation to the 
Aguada limestone; on the south coast it 
occurs in the Ponce limestone. 


species 
from the Recent of Cuba. In northwestern 
Puerto Rico it occurs in the lower Aymamon 
limestone; on the south coast it occurs in the 


Genus Pyrco Defrance 1824 
PyRGO LUNULA (d’Orbigny) 
Text-fig. 1—24,25 
Biloculina lunula d’Orbigny, 1846, p. 264, pl. 15, 

figs. 22 
Pyrgo lunula (d’Orbigny); Galloway & Hemin- 
way, 1941, p. 311, pl. 4, figs. 4a-« 
Material.—6 specimens. 
Dimensions.—Length, up to 1.33 mm.; 
usually between 0.8 and 1.2 mm. 
Remarks. 


Ponce limestone. 


Genus TRILOCULINA d'Orbigny 1826 
TRILOCULINA INFLATA d’Orbigny 
Text-fig. 1—15-17 
lriloculina inflata d’Orbigny, 1826, p. 300, no. 
10; d’'Orbigny, 1846, p. 278, pl. 17, figs. 13-15; 
Galloway & Heminway, 1941, p. 307, pl. 3, 
figs. 5a~ This species was described by 
d'Orbigny from the Miocene of the Vienna 
basin. It is a large species, easily distin 
guished by its flat plate-like appearance. 
The aperture is indistinctly preserved in all 
the specimens from the Lajas Valley. In 
northwestern Puerto Rico it occurs from the 
upper San Sebastian formation to the middle 
Aymamon limestone; on the south coast it 
occurs in the Ponce limestone. 


Material. 

Dimensions. 

Remarks.— 
not well preserved and is rather doubtfully 
ascribed to d'Orbigny’s species, which was 
first described from the Recent, Mediter 
ranean Sea, and from France and 
Italy. In 1846, d’Orbigny recorded it from 
the Miocene of Austria. In 
Puerto Rico it ranges from the middle San 
Sebastian formation the 
member of the Cibao marl formation; on the 
south coast it occurs in the Ponce limestone. 


One specimen. 
Length, 0.57 mm. 
The Lajas Valley specimen is 


fossil, 


northwestern 


PYRGO OBLONGA (d’Orbigny) 
lext-fig. 1—13,14 
Biloculina oblonga d’Orbigny, 1839, p. 163, pl. 8, 
figs. 21-23. 
Pyrgo oblonga (d’Orbigny); Galloway & Hemin- 
way, 1941, p. 312, pl. 4, figs. 5a— 
Material.—2 specimens. 
Dimensions.—-Lengths, 0.37 and 0.42 mm. 
Remarks.— This species was described by 
d’Orbigny from the Recent of Cuba. In 
northwestern Puerto Rico it ranges from the 
upper San Sebastian formation to the 
Aguada limestone; on the south coast it 
occurs in the Ponce limestone. 


Guajataca 


PRILOCULINA LAEVIGATA d’Orbigny 
Text-fig. 1—10-12 
Triloculina laevigata d’Orbigny, 1826, p. 300, no 
15; Galloway & Heminway, 1941, p. 308, pl. 3, 
figs. 
Material. 
Dimensions. 
1.69 mm. 


Remarks 


3 specimens. 


Lengths, 0.64, 0.73, and 


This species was described 


TEXT-FIG, 
(Figures X36}, except 10-12 X25, and 13, 14 X48) 


Valvulammina cornucopia Galloway & Heminway. 1], apertural view. 2, spiral view 
Clavulina tricarinata d'Orbigny. 3, apertural view. 4, side view. 
Quinqueloculina lamarckiana d’Orbigny. 5,6, side views. 7, apertural view 

},9—S piroloculina antillarum d'Orbigny. 8, apertural view. 9, side view. 


10-12 
13,14 
15-17 
18-20 
21-23 
24,25 


Triloculina laevigata d'Orbigny. 10,11, side views. 12, apertural view. 

P yrgo oblonga (d'Orbigny). 13, Front view. 14, Apertural view. 

Triloculina inflata d'Orbigny. 15,16, Side views. 17, Apertural view. 
Quinqueloculina pygmaea Reuss. 18, Apertural view. 19,20, Side views. 

Pyrgo opima, n. sp. Holotype. 21, Apertural view. 22, Side view. 23, Front view 
Pyrgo lunula (d'’Orbigny). 24, Basal view. 25, Front view. 
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PYRGO OPIMA, n. sp. 

Pext-fig. 1—21-—23 
Material.—-6 specimens from the Lajas 
Valley, supplemented by’ 38 specimens from 
rocks of comparable age in northwestern 
Puerto Rico. 
Description. 
its length, width, and thickness are approxi- 


The test is smooth, globose; 


mately equal to one another. The strongly 
inflated chambers are separated by a slightly 
curving suture. The 
aperture is large, elliptical, its length almost 
equal to half the width of the test. There is a 
broad apertural tooth which does not fill the 
aperture. 


depressed, smoothly 


Dimensions.—Length, up to 0.8 mm.; 


usually about 0.6 mm. 


Remarks.—Pyrgo opima may be distin 
guished from all other Puerto Rican species 
of Pyrgo by form and 


aperture. Pyrgo peruviana (d’Orbigny) is 


its globose large 
fairly similar, but it is more elongate than 
P. opima. In northwestern Puerto Rico, this 
species ranges from the middle San Sebas 
tian formation to the Aguada limestone. 


Family NONIONIDAE 
Genus Montfort 
ELPHIDIUM LOBATUM 
Galloway & Heminway 
lext-fig. 2—1,2 
El phidium lobatum Galloway & Heminway, 1941, 
p. 362, pl 14, figs. 8a,b 
Vaterial. 
Dimensions.—Greatest 
from 0.33 to 0.59 mm. 


The Valley 


are about twice the size of those of Galloway 


1808 


9 specimens. 


diameter, varies 


Remarks. Lajas specimens 


PEXT- 
(Figures X36}, except 1,2,13 


El phidium lobatum Galloway & Heminway. /, 
subsp. percrassum Galloway & Heminway 


Elphidium sagrai (d'Orbigny) 
apertural view. 
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and Heminway which were described from 
the Lares limestone south of Arecibo, 
Puerto Rico. The aperture consists of a 
series of pores along the base of the last 


septal face, but it is not well preserved in 


any of my specimens. 


ELPHIDIUM OWENIANUM (d’Orbigny) 


Polystomella oweniana d'Orbigny, 1839, p. 30, pl 


3, figs. 3,4. 

Elphidium owenianum 
Heminway, 1941, p. 
Becker & Dusenbury, 
18a, b. 


Galloway & 
9a,b; 


figs. 


(d’Orbigny ); 
363, pl. 14, figs. 
1958, p. 27, pl. 3, 
Material.—One specimen. 
Dimensions. diameter, 0.74 
Remarks.—The Lajas Valley specimen is 
badly crushed, but there is no doubt that it 


(reatest mm 


belongs to this species, which was described 
by d’Orbigny from the Recent, of 
Patagonia. It is also known from the Aqui 
tanian of Colombia. In northwestern Puerto 
Rico it occurs from the lower San Sebastian 
formation to the upper Cibao marl forma- 
the south in the 
Ponce limestone. 


coast 


tion; on coast it occurs 


ELPHIDIUM PUERTORICENSE 
Galloway & Heminway 
Text-fig. 2—6,7 
Elphidium puertoricense Galloway & Heminway, 

1941, p. 364, pl. 15, figs. 2a,b; Bermftdez, 

1949, p. 171, pl. 11, fig. 24. 

Material.—20 specimens. 

Dimensions —Greatest diameter, 0.97 mm. 
in the largest specimen; usually about 0.7 
mm. 

Remarks. 
Galloway 


This species was described by 


and Heminway from the San 


FIG. 2 
18, X48 and 19-12 X25) 


Side view. 2, Apertural view. 


3,5, side views. 4, 


Elphidium puertoricense Galloway & Heminway. 6, apertural view. 7, side view. 


10 
view of paratype. 
15 
18 
18, apertural view. 
21 


view. 


Dendritina lajasensis, n. sp. 8, side view of holotype. 9, apertural view of holotype. /0, side 
Archaias aduncus (Fichtel & Moll). 11, edge view. 12, side view. 
Cibicides americanus (Cushman). 13, umbilical view. 14, apertural view. /5, spiral view. 


Rotalia beccarii (Linné) subsp. parkinsoniana (d'Orbigny). 16, spiral view. 17, umbilical view, 


Amphistegina floridana Cushman & Ponton. 19, dorsal view. 20, apertural view. 2/, ventral 
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Falls, 


Lower 


formation, Collazo 
Rico. It also occurs in the 
Miocene Arroyo Blanco formation of the 
Dominican Republic. The Lajas Valley 
specimens are slightly larger than the type, 
but otherwise they are very similar. In 
northwestern Puerto Rico this species ranges 
from the middle of the San Sebastian forma- 
tion to the lower Aymamon limestone; on 
the south coast it occurs in the Ponce lime 


Sebastian 
Puerto 


near 


stone. 


ELPHIDIUM SAGRAI (d'Orbigny) 
subsp. PERCRASSUM 
Galloway & Heminway 
Text-fig. 2—3-—5 

Elphidium sagrai crassum Galloway & Hemin- 
way, 1941, p. 366, pl. 15, figs. la,b. 

E!phidium sagrai (d’Orbigny) subsp. percrassum 
Galloway & Heminway; Thalmann, 1951, p 

Material.—24 specimens. 
Dimensions.—Greatest diameter, 0.72 mm. 

in the largest specimen; usually about 0.5 

mm. 

Galloway & Heminway de 

scribed the San Sebastian 

formation, near Collazo Falls, Puerto Rico 

The subspecies differs from the species of 


Remarks. 


this form from 


d'Orbigny in having more elongate sutural 


depressions and a more lunate apertural 
face. In northwestern Puerto Rico it ranges 
from the middle San Sebastian formation to 


the Guajataca member of the Cibao marl 
formation; on the south coast it occurs in the 
Ponce limestone. 


Family PENEROPLIDAE 
(Genus DENDRITINA d'Orbigny 1826 
DENDRITINA LAJASENSIS, n. sp. 
Text-fig. 2—8-10 


\aterial.—34 specimens. 
Description.—The test is smooth, 
umbilicate, planispirally 
involute at first but becoming evolute or 
uncoiled later. There are 13-15 chambers in 
the last whorl. The sutures are limbate, 
depressed, and the margin of the test is 
lobulate. The aperture is narrow, elongate, 
dendritic, in the middle of the apertural face. 

Dimensions —Greatest diameter, 1.34 mm. 
in the largest specimen; usually about 0.8 
1.0 mm. 


com- 


pressed, coiled, 


GORDON 


Remarks. 
size as the only 


This species is about the same 
other Dendritina recorded 
from Puerto Rico, D. preélegans Galloway 
and Heminway, but it differs from the older 
species in having no ornament, having more 
chambers in the last whorl, and in its nar 
rower aperture. D. lujasensis is the most 
common species in the Lajas Valley fauna, 
but it known from else 
where in Puerto Rico. 


is not at present 


Genus ARCHAIAS Montfort 1808 

ARCHAIAS ADUNCUS (Fichtel & Moll) 
Text-fig. 2-—11,12 

aduncus Fichtel & Moll, 

reprint), p. 115, pl. 23, tigs. a- 
Archaias adurcus (Fichtel & Moll); Galloway & 

Heminway, 1941, p. 317, pl. 5, figs. 8a « 

Material. 

Dimensions. — Diameter, 
usually about 1.8 mm. 

Remarks.— This spec ies Was first described 
from the \rabian Sea. In 
western Puerto Rico it ranges trom the lower 
limestone to the lower Aymamon 
limestone; on the south coast it occurs in the 


1798 (1803 


Nautilus 


11 specimens 


0.9-2.2 mm.; 


Recent, north 


ares 
Ponce limestone. 


ARCHAIAS COMPRESSUS (d’Orbigny 

Orbiculina compre d’Orbigny, 1839, p 

8, figs. 4-7; Cushman, 1919, p. 70, pl. 7, fig 
Archaias compressus (d’Orbigny); Galloway & 

Heminway, 1941, p. 318, . 5, figs. 10a,b; 

Cole, 1957, p. 328, pl. 24, figs 9 

Material. 

Dimensions. 0.98 
on the largest specimen; usually about 0.8 


10 specimens. 
Greatest diameter, mm. 
mm. 
Remarks.—This species was first described 
from the Recent, West Indies, but it ranges 
back at least to the Upper Oligocene Bohio 
and Caimito formations of the 
Canal Zone (Cole, 1957). In northwestern 
Puerto Rico it occurs from the middle San 
formation to the Aguada lime 
stone; on the south coast it occurs in the 


Panama 


Sebastian 
Ponce limestone. 


Family ROTALIIDAE 
Genus Discorsis Lamarck 1804 
DISCORBIS FLORIDANA Cushman 
Discorbis floridana Cushman, 1922, 
figs. 11, 12; Bermfdez, 1949, p. 
figs. 16-18. 


Pa 
= 
: 
pl. 5, 
15 


Material.—One specimen. 

Dimensions.—Greatest diameter, 0.37 mim. 

Remarks.—Cushman described this spe- 
cies from the Recent of Flerida, and it has 
been recorded by Berm tdez from the Upper 
Miocene Las Salinas formation of the 
Dominican Republic. The Lajas Valley 
specimen referred to LD. floridana is not well 
preserved, but in northwestern Puerto Rico 
this species ranges from the upper San 
Sebastian formation to the Aguada lime 


stone 


DISCORBIS OLIGOSPIRATUS 
Galloway & Heminway 
Discorbis oligospiratus Galloway & Heminway, 
1941, p. 384, pl. 21, figs. la-c. 
Material.—2 specimens. 
Dimensions.—Greatest diameter of the 
specimens, 0.71 and 0.9 mm. 
Remarks.—The Lajas Valley specimens 
agree well with the type of the species, w hich 
was described from the Cibao marl forma- 
tion between Manatf and Ciales, Puerto 
Rico 


Genus Roratia Lamarck 1804 
RoTALIA BECCARI (Linné) subsp. 
PARKINSONIANA (d'Orbigny) 
Text-fig. 216-18 

Rosalina parkinsoniana d'Orbigny, 1839, p. 99, 
pl. 4, figs. 25-27. 

Streblus beccarii (Linné) var. parkinsoniana 
(d’'Orbigny); Bermadez, 1949, p 233, pl. 15, 
figs. 43-45 
\/atertal. 
Dimenstons 
Remarks.—This form was described by 

dOrbigny from the Recent of Cuba and 
Europe. Bermidez records it from the 
Middle Miocene Arroyo Seco formation of 
the Dominican Republic. In northwestern 
Puerto Rico it occurs from the upper San 
Sebastian formation to the Aguada lime 
stone. The Puerto Rican specimens are 
variable, some lacking the covering of clear 
shell material over the inner whorls but 
others being identical with the specimens 
from the Dominican Republic. 


One specimen. 
Greatest diameter, 0.61 mm. 


Family AMPHISTEGINIDAE 
Genus AMPHISTEGINA d'Orbigny 1826 
AMPHISTEGINA FLORIDANA 
Cushman & Ponton 

Text-fig. 2—19-21 
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Amphistegina floridana Cushman & Ponton, 
1932, p. 96, pl. 14, figs. 6,7; Galloway & 
Heminway, 1941, p. 408, pl. 28, figs. Sa-c; 
Bermfidez, 1949, p. 263, pl. 19, figs. 4-9. 

aff. Amphistegina chipolensis Cushman & Ponton, 
1932, p. 96, pl. 15, figs. la 

aff. Astigerina choctawensts Cushman & Me- 
Glamerv, 1938, p. 111, pl. 28, figs. 2a-c 


\Vaterial.—28 specimens. 

Dimensions.—Greatest diameter, 2.1 mm. 
on the largest specimen; usually between 0.8 
and 1.3 mm. 

Remarks. 
Cushman and Ponton from the Lower and 
Middle Miocene of Florida. The differences 
between the type of .lmphistegina floridana 
and the types of mphistegina chipolensts, 
from the Lower Miocene of Florida, and 
Asterigerina choctawensis, from the Middle 
Oligocene Byram marl of Alabama, do not 
seem to be very great. Probably, these three 


This species Was described by 


forms are closely related chronologic sub- 
species on a continuous evolutionary series. 
Cushman and Ponton (1932) have already 
suggested that A. chipolensis is ancestral to 
lL. floridana. 

In northwestern Puerto Rico, 1. floridana 
ranges from the middle San Sebastian 
formation to the top of the Aymamon lime 
stone. On the south coast it occurs in the 
Ponce limestone. 


Family ANOMALINIDAE 
Genus CrpiciwEs Montfort 1808 
CIBICIDES AMERICANUS (Cushman) 
Text-fig. 2—13-15 
Truncatulina americana Cushman, 1918, p. 63, 
pl. 20, figs. 2-3; pl. 21, fig. :. 


Cihicides americanus (Cushman); Galloway «& 
Heminwav, 1941, p. 390, pl. 24, figs. 3a-c. 


One specimen. 
Dimensions.—Greatest diameter, 0.73 mm 
Remarks.—This species was first described 

from the Miocene Duplin marl of South 

Carolina. In northwestern Puerto Rico it 

occurs from the upper San Sebastian forma 

tion to the lower Cibao marl formation. 


\/aterial. 


SIGNIFICANCE OF THE FOR AMINIFERA 


Iwenty-three species of foraminifera 
occur in the Lajas Valley deposit. The com 
position of the foraminiferal fauna is tabu 


lated below: 


; 
: 
i 
a 
a 
a 
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No. spec i- 
mens 
expressed 
as per- 
centage ot 
total no 
specimens 


No. species 
expressed 

No as per- 
species centage of 
total no. 

spec ies 


Verneuilinidae 
Valvulinidae 
Miliolidae 
Nonionidae 
Peneroplidae 
Rotaliidae 
\mphisteginidae 
\nomalinidac 


nw 


Comparison of this fauna with the faunas 
described by Norton (1930) from the Recent 
seas, principally of Florida and the West 
Indies region, shows that the Puerto Rican 
material corresponds well with Norton’s 
“zone A.”’ This is the zone from the beach 
down to five fathoms, with a temperature 
range of 21.5-31.4°C. The Valley 
fauna differs from it in having a much 
smaller proportion of Miliolid specimens, 


Lajas 


but the other elements of the fauna corre 
spond closely. The Lajas Valley assemblage 
is therefore considered to be a shallow water 
fauna, a conclusion which is supported by 
the general nature of the macrofossils and by 
the complete absence of planktonic foram 
inifera. 

Correlation of the deposit—The forami 
nifera are more closely related to those of 
Puerto Rico than to the 
geographically closer south coast outcrops 
of middle Tertiary beds. Twenty-two of the 
twenty-three Lajas Valley species are known 
to occur also in northwestern Puerto Rico, 


northwestern 


but only thirteen are as yet known from the 
southern outcrops of middle Tertiary rocks. 
Comparison can therefore best be made with 
the middle Tertiary of the northwest of the 
island. The succession there has been di 
vided by Zapp, Bergquist, & Thomas (1948) 
as follows: 

\ymamon limestone 

\guada limestone 

Cibao marl, including the Guajataca member 

Lares limestone 

San Sebastian formation 


Che three lower formations are in part facies 
of each other. This middle Tertiary sequence 
has been considered by several authors to be 


broadly Middle Oligocene to Lower Miocene 
(Meverhoff, 1933; Woodring, 1943; Zapp 
et al., 1948), but Gordon (1960) suggested 
that it is Lower and Middle Miocene. 

The Lajas Valley fauna is most similar to 
that of the topmost San Sebastian forma 
tion, in which sixteen of the Lajas Valley 
species are also present, and to that of the 
Lares limestone, in which there are eighteen 
of the Lajas Valley species. However, this 
correlation is at least as likely to be one of 
like facies as it is to be one of age since the 
topmost San Sebastian formation and the 
Lares limestone are thought by the writer to 
have accumulated in water equally as shal 
low as that in which the Lajas Valley de 
posit was formed. Unfortunately, the Lajas 
Valley foraminifera include no good marker 
species, and in the absenc e ot these no ¢ lose 
correlation can be made. On the other hand, 
the fauna is Miocene in general composition, 
and comparison with other described faunas 
of the Caribbean region suggests that it may 
not be older than Middle Miocene. This 
conclusion is supported by the ostrac odes ol 
Miocene 
when compared with the faunas described 
from Trinidad by van den Bold (1957, 1958, 
1960). The poorly 


the deposit, which indicate a age 


presery ed macrofossils 


provide no supplementary ey idence as to the 


age of the deposit. 
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THE SUPPOSED PLIOCENE PEBAS BEDS OF THE UPPER 
JURUA RIVER, BRAZIL 


GEORGE GAYLORD SIMPSON 
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ABSTRACT 


Berry and Maury described plants and mollusks believed by them to 


come from an extension of the Pliocene Pebas formation from Peru into the Bra 
zilian Territory of Acre. The correlation is entirely unjustified. Certainly some and 
probably all of the fossils in question are from latest Pleistocene or, most likely, 
fully Holocene oxbow fillings, and not from any widespread formation or of any 


earlier age 


INTRODUCTION 


N 1935 and 1936 Pedro de Moura and 


Alberto Wanderley collected freshwater 


pelecypods and leaves in clays from the 
Upper Jurua and its tributaries in the Terri 
tory of Acre, Brazil. These were submitted 
through the Servico Geolégico do Brasil to 
Carlotta J. Maury, who in turn sent the 
leaves to Edward W. Berry for identifica 
tion. Both Maury and Berry published on 
the collection, in a curiously uncoordinated 
way as will be further mentioned. Berry 
1937) concluded that if the beds ‘‘are as old 
as the Pliocene, they should probably be 
regarded as late Pliocene in age.’’ He made 
no unequivocal correlation, but compared 
the leaf-bearing beds of the Upper Jurua 
with the Pebas formation of Peru 
Gardner, 1927) and spoke of the “great 
lateral extent” of similar beds along or near 
the Maranén and Ucuyaliin Peru, the Napo 
in Ecuador, and now the Jurua in Brazil. 
Maury (1937) considered the Upper Jurua 
deposit as definitely Pliocene and stressed 
explicit correlation with the Pebas beds. On 
that excellent authority, the expansion into 
Acre of the Pebas beds (or equivalent) and 
of a corresponding freshwater, brackish, or 


(see 


perhaps even marine Pliocene embayment 
has become generally accepted. It is, for 
instance, given as factual and without ques 
tion in Oliveira & Leonardos (1943) and in 
Jenks (1956), the standard reference vol 
umes for Brazilian geology. That is, never 
theless, certainly incorrect, on evidence here 
to be presented. 

The limited but crucial field observations 
involved in the present note were made by a 
joint Brazilian-American expedition spon- 
sored by the Instituto Nacional de Pesquisas 


da Amazonia with the collaboration of the 
American Museum of Natural History (New 
York), the Museu Paraense Emilio Goeldi 
(Belem), and the Departamento Nacional 
de Produgao Mineral (Rio de Janeiro) 
North American participation 
ported in part by a grant from the National 
Science Foundation. Dr. L. I. Price led the 
party on behalf of the cooperating Brazilian 
More details 
acknowledgements will be 
fuller reports of the results. The present note 
treats a point of considerable importance, 


Was sup 


complete and 


published with 


institutions. 


but one only incidental to the main purposes 
and accomplishments of the expedition. 


PLANTS 


Berry returned the fossil plants to Maury 
with identifications of three 
known species and the notation that four 


previously 


species were new. Maury (1937) published 


Berry’s identifications and applied names to 
the species indicated as new by Berry. In the 
meantime Berry was unaware of Maury’s 
intention to publish and he also proceeded to 
publish on the collection, giving another set 
of names to the supposedly new species 
(Berry, 1937). He raised their number to six, 
changed two of the generic references he had 
given to Maury, and added an identification 
not given to (or at least not published by) 
Maury. Maury's descriptions are not word 
ed like Berry's and are slightly contradictory 
on one or two points. It is, however, clear 
that the same specimens are being described, 
that Maury depended on Berry's authority 
for their identification, and that the pairs of 
specific names given independently by Berry 
and Maury are objective synonyms. Both 
papers were published in 1937 and I can find 
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no evidence as to which was earlier, but 


priortiy is not important as it is improbable 
that the species are valid in any case. 
The floral lists of Berry and of Maury are 


follows, with identical forms alined: 


das 


Berry, 1937 


1. Coussapoa sp 
» Cassia aguaytiensis Berry, 1925. 


1937.* 


3. Machaertum premulicum Berry, 

4. Vochysia acuminatafolta Hollick and Bert 

5. Sapium (?) f liocentcum Berry, 1937.* 

6 Sparattanthelium pliocenicum Berry, 1937.* 
7. Mespilodaphne acrensts Berry, 1937.” 

8. Persea amoneana Berry, 1937." 

9, Bignonites mauryae Berry, 1937.* 

10. Endlichera rhamnoides Engelhardt, 1895 


those considered 
1937. The 
or Maury 
to the 


The starred names are 
new species by these authors in 
numbers were not used by Berry 
but are introduced here for reference 
disc ussion be low. 

Maury briefly described specimens of eac h 
form recognized by her attet Berry's notes, 
hut she made no explicit specific compari 
or diagnoses. She merely accepted 
Berry's authority that the species were new. 
All the listed species are supposedly extinct, 
which would certainly seem to indicate con 
siderable geological age. But the evidence is 
valueless, as the following annotations show: 

1. Not identified beyond the genus, which 
a score of existing |[i.e., 


sons 


“contains about 
Recent] species” (Berry, 1937). 


2. Species originally named from fossils 
from the Rio Aguaytia in Peru. Berry (1925) 
noted that many species of Cassia “both 


fossil and recent are practically indistin- 
guishable from the present species, so that 
extended comparisons would be without 
significance,”’ and no comparisons at all were 
given. This extraordinary statement seems 
toimply that if a specimen is not in fact dis 
known species 


tinguishable from numerous 
“new” 


it may still properly be referred toa 
species and comparisons may then be con- 
sidered superfluous! The age of the Aguay 

tia flora is unknown. Berry said that it could 
be of any age in the Tertiary, and he gave no 
convincing evidence that it is not post 

Tertiary. Since the Aguaytia “species”? was 
not really defined or distinguished, the 
reference to it of Jurud specimens would 


have no correlational \ alue in any case. 
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3. ‘Very close to the existing Brazilian 
species Machaertum muticum... It differs 
from the recent form in its more curved and 
more ascending secondaries” (Berry, 1937). 

4. The species was originally described 


Maury, 1937 


Coussapoa sp. 

C. aguaytiensts. 

Vf. acreanum Maury, 1937." 
1924 V. acuminatafolia 

Omalanthus or Sapium sp 

Not included] 

Vf. wanderleyi Maury, 1937." 

P. euseboi Maury, 1937.* 

Banisteria demouroi Maury, 

E. rhamnoides 


1937.* 


Serry 


and 


from Marahii, Brazil. Hollick 
(1924) gave no differential diagnosis and 
said that the supposedly extinct form is 
practically identical with a Recent species 
Phe age of the Marahii specimen was said to 
be Pliocene, but Hollick and Berry made it 
clear that the age was not really determined 
5. “The material is too incomplete for 
accurate determination” and comparisons 
with Recent species “common in the bottom 
lands of the Amazon systems” (Berry, 1937) 
were not made. 

6. Said by Berry (1937) to be “practically 
indistinguishable” from a Recent species, 
and no distinction was given. 

7. “Not unlike a number of 
species in the same general region” 
1937) with which no comparison was made. 

8. “Comparable with a number of exist 
ing species of the same general region” 
(Berry, 1937) and again not compared with 
them. 

9. Bignonites is a “form genus” 
fossil is not identifiable to genus. It is ‘close 
the same general 


existing 
(Berry, 


and the 


to existing species in 
region” (Berry, 1937) and was not distin 
guished from them. 
10. The supposed 

Engelhardt (1895) from specimens of 
Engel- 


species was described 
by 
unknown age from Loja, Ecuador. 
hardt noted resemblance to a Recent species 
and did not give a differential diagnosis. 
Berry (1937) felt doubts as to the generic 
Neither author made adequate 


ascription. 
many similar Recent 


comparisons with the 
species from the same regions. 
Thus of the ten supposedly extinct spe 
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cies, nine have not been distinguished in any 
way from Recent species. The only one for 
which a diagnosis was really given, .\/acha- 
ertum premuticum, distinguished by 
characters so trifling that the possibility of 
mere individual variation must 
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be consid 
ered. Moreover, it is most improbable that 
specimens of .achaerium now living along 
the Jurua were available for comparison. No 
real reason has been adduced for considering 
this ‘fossil flora’’ as anything but a small 
sampling of the strictly Recent flora of the 
same locality. The conclusion is inescapable 
that Berry merely assumed that the species 
were extinct because the leaves had been 
buried, something that happens every year 
to innumerable Recent 


leaves in identical 


circumstances. 
MOLLUSKS 


Moura & Wanderley collected pelecypods 
from Porto Peter on the Jurud, the same 
locality as for most of Berry's Jurua plants, 
and also from the Jesumira, a small tribu- 
tary of the Méa, which in turn flows into the 
Jurud4 just above Cruzeiro do Sul. Maury 
(1937) published on these specimens, placing 
some from both localities in a supposedly 
new species .lnisothyris acreana and refer- 
ring some from the Jesumira to Anisothyris 
cf. ovata Conrad. 

Anisothyris Conrad (= Pachydon Gabb) is 
a supposedly extinct genus of pelecypods 
common in the Pebas beds of Peru, from 
which several species have been named. It is 
defined by hinge characters and by unequal 
valves with prominent beaks, at least one of 
which is strongly spiral. Maury’s specimens 
from the Juru4 were poorly preserved as 
molds in soft clay. Beaks are present but are 
not prominent and are not 
spiral. Maury speaks of the Jurud species as 


particularly 


“slightly inequivalve,” but her figure shows 
absolutely symmetrical valves. The hinge 
structure is ‘not clearly enough shown for 
illustration, but traces of hinge structure 
indicate that the shell is referable to the 
genus Anisothyris’’ (Maury, 1937). 
Dr. Dwight W. Taylor of the U.S. 
logical 


Geo 
communication) 
Maury’'s 


Survey (personal 
commented as follows on 
identifications of these mollus 
“Despite the fact that 
molds do not the 


has 


internal 


these 


retain hinge characters 
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well, the roughly circular outline and equi 
valve condition which they do show are 
adequate to indicate that they do not belong 
to Pachydon the 
Corbulidae. The size, shape, and thinness of 
the shell suggest the family Corbiculidae, otf 


(=-Inisothyris) or to 


fresh and brackish-water habitats, perhaps 
the genus Polymesoda. Recent mollusks of 
the Amazon Basin are not well known, and | 
cannot refer the supposed Pachydon deh 
nitely to species living locally. The correla 
tion with the Pebas beds is unwarranted 
The supposed paleontological evidence of 
Pliocene age or of correlation with the Pebas 
\s far as the 
evidence either of the plants or of the mol 


is thus completely worthless 


lusks goes, the deposits could be Recent. 
FIELD OBSERVATIONS 


Our 1956 expedition visited the crucial 


locality, source of most of the fossils de 
Berry and by Maury, designated 
“NMontante Porto Peter,” 
from Moura's field data. The 
locality is on bank of the Alto 
Jurua Porto Peter, 
which in spite of its pretentious name con 


scribed by 
by Maury as 
evidently 
the right 
immediately above 
sists of a single rubber gatherer’s hut. The 
deposit is largely semiplastic carbonaceous 
clay, partly banded or varved. In addition to 
a few poor impressions of pelecypods, it 


contains numerous leaves, some almost 
fresh, some carbonized, and some (as noted 
by Berry for specimens seen by him) partls 
replaced by The 


preservation are not correlated with depth in 


vivianite. differences in 
the deposit or, consequently, with age. 
These leaf-bearing clays are the filling of a 
former oxbow lake, and their exposure in the 
present river bank is due to transverse cut 
meandering. The 
Alto Jurué and its main tributaries meander 
extensively. 


ting by a later cycle of 
\ll stages from formation of a 
new oxbow through its filling with sediment 
and subsequent cutting by later meandering 
can be observed at numerous places along 
those The burial of 
leaves and other debris in the oxbow 


streams. process of 
sedi 
ments can also be observed going on at the 
present time. Each of these deposits is a 
separate ‘‘stratigraphic unit” or diminutive 
“basin filling’? on its own account, from a 
few hundred meters up to a kilometer or so 


in longest dimension. They obviously do not 
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constitute a formation in the usual sense of 
the word or a widespread single lake or 
embayment deposit such as was evidently 
envisioned by Berry, Maury, and others 
following them. Although the various oxbow 
fillings clearly are not precisely contempo 
us can be older than 


raneous, none seen by 


latest Pleistocene and most, perhaps all in 
this area, are geologically Recent 

relationships. ap 
Peter locality, are 
text-fig. 1. The 


oxbow deposits are in meandered channels 


Typical stratigraphic 
Porto 
schematically in 


plicable to the 
shown 


incised into deposits that overlie a wide 
spread erosion surface, frequently with a 


basal conglomerate. Fossil bones, usually 
dissociated and rolled, occur widely on that 
surface, and in all identifiable instances they 
late 
Pleistocene, mammals. Oxbow deposits like 
that at Porto Peter 


earlier than latest 


include Pleistocene, and probably 


thus can hardly be 
Pleistocene and most of 
them appear to be Recent, with ages more 
likely in 
years. 

The 
toward the uplift of the Serra do Moa. The 
fossil locality is, however, the first exposure 
the 
‘zona 


hundreds than in thousands of 


Ie sumira is far up the Moa drainage, 


on the Igarapé Jesumira (i.e., is neat 


main river, the Méa) and is still in the 


da baixada,"’ where conditions are as along 
the Jurué and oxbows are still to be expected 
Moura & Wanderley, 1938). The associa 
tion of fossils is the same as at Porto Peter 
the (Maury, 1937). 


\lthough we did not visit this area, it seems 


and matrix is similar 
highly probable that that deposit is also a 
Recent oxbow filling 

Berry (1937 


plant fragments as from the ‘“Tgaraje Agua 


mentions unidentifiable 


Fuente, which is obviously garbled 


version of Igarapé Agua Quente, another 
tributary of the Méa where Moura & Wan 
derley (1938) mention finding such remains 
The nature and age of the deposit are not 
established. Berry also states that some of 
the identifiable plant material came from the 
that the 


laumaturgo. Berry gives no exact 


Rio Amoénea, a tributary joins 
Jurua at 
localities for any of the individual specimens 
described by him, but Maury, referring to 
the same specimens, explicitly ascribes all 
There 


and a 


the named materials to Porto Peter 


are old oxbows along the Amdénea 


i— Diagram of river bank 
the Upper Jurua, showing relationships of leat- 
bearing clays to older deposits. A, 
clays with abundant leaves and some mollusks, 
representing the filling of an oxbow 
later 


exposure on 
laminated 
lake ex 


bank by a 
Recent 


posed in river 

Pleistocene to illuvial complex. 
I 

Pre-Pleistocene nerally 


nonlaminated clays silts, 


meander. B, 


onsolidated, 
without 


i conglomerate 


beds 
fossil 
leaves Rolled fossils, often in 


of concretionar pebbles ire commonly found 
short distance 


above the erosion sur 
sand C. The fossils include mid 


On 
face between | 
dle to late Pleistocene mammals The lami 
nated clays, A, clearly older than 
late Pleistocene and in most ¢ not all, 


appear to be Recent 


cannot be 


ises, 


deposit like that at Porto Peter could well 
occur, although we did not definitely iden 
tify one on the iower Amonea. 

Oliveira & (1943, Fig. 156 
show a locality on the Méa marked ‘“‘Fauna 


Leonardos 


Pebas),"’ which is 
They 
Peter and at 
Porto Peter) 
\s they were following Maury, the Jesumira 
the 
authority followed by them, both have been 


pliocena  (Formacao 


clearly the Jesumira locality. indicate 
“Flora pliocena’ at Porto 
Profeta (on the Jurud below 


and Porto Peter localities should, on 
referred to the Pebas formation, since the 
“fauna” 
identified mollusks) is the same at both. The 


Profeta specimens are said by Oliveira & 


(one or perhaps two incorrectly 


Leonardos also to have been collected by 
Moura & Wanderley, but I find 
reference to them. 


no other 


that at 
there is no valid evidence for the 


The inescapable conclusion is 
present 
extension into Acre of the Pebas formation, 
or anything like it, and that the supposed 
Pliocene formation hitherto reported in that 
territory consists in fact of isolated patches 
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Recent and almost 
certainly not older than latest Pleistocene. 


of deposits probably 


BROADER IMPLICATIONS 


At Aquidaban, or Aquidaba, in the Terri 
tory of Amazonas on the middle Jurua, far 
below the area of our study, Moura & 
Wanderley (1938) made large collections of 
invertebrates and vertebrates. Roxo (1937) 
the 
Pliocene warned that 
later, Recent. The 
probably of mixed origin and may represent 


invertebrates 
they 
vertebrates are 


tentatively considered 
but 


even 


could be 


reworked concentrates of various different 
ages, as has certainly happened widely along 
the upper Jurud4. They include Pleistocene, 
probably late Pleistocene, species and the 
beds containing them could be Pleistocene 
Pliocene. This 
by Oliveira 


or Recent, certainly not 
occurrence has been taken (e.g., 
& Leonardos, 1943) as indicative of exten 
sion of the same Pliocene formation as that 
of, for example, Porto Peter far down the 
Jurua below Acre and again as representing 
the Pebas formation. The former suggestion 
is incorrect, since no such formation is reall 
known in Acre, with the 
Pebas of Peru is entirely gratuitous and 
highly improbable 

kor almost a century 
or of legend 


and correlation 


there has been an 
accretion of evidence that a 
vast lake, estuary, or even arm of the sea 
occurred in Neogene times in the present 


upper Amazon basin. This idea has been 
built up by generalization from a number of 


isolated observations and by continual 
re-citation of more or less speculative older 
work. (For reviews and references to much 
of the very extensive literature see especi 
ally: de Greve, 1938; Riiegg & Rosenzweig, 
1949; Paula Couto, 1956.) The present case 
of the ‘‘Pebas beds” of Acre, included in the 
supposed evidence by practically everyone 
who has considered this question since 1937, 
shows how such items may become unques- 
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tioned authority even though they never 
had any sound The whole matter 
would seem to require reconsideration, but 
that is beyond the limits of the present note. 


basis. 
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Che Paleozoic chitinous micro-organisms Microaulopora Kuntz, 1895, 


and Guembelina Kuntz, 1895, are discussed on the basis of the original figures and 
descriptions. Guembelina Egger, 1899 (Foraminifera), recently shown to be a junior 
synonym of /eterohelix Ehrenberg, 1841, is thus doubly invalidated, in being also 


(SUEMBELINA KUNTZ AND 
MICROAULOPORA KUNTZ 


N 1895, Kuntz described two microscopic 
| chitinous genera from Paleozoic 
Although regarded originally as auloporoid 
mentioned in recent 
publications on (Piveteau, 1952, 
Moore, 1956) nor are they listed in Neave's 
Nomenclator Zoologicus, 1939, 1940, 1950. 
As they were neither included nor excluded, 
it is assumed that their publication has been 
overlooked by later workers. It is of further 
importance in that one of these genera, 
Guembelina Kuntz, 1895, is a prior homo- 
nym of the foraminiferal genus Guembelina 
Egger, 1899. 

Kuntz (1895, p. 44-45) discussed the 
origin of coals, and in particular the work on 
this subject done by Giimbel (1883). Kuntz 
cited the occurrence of organic remains 
associated with the coals as evidence of their 
marine origin, attributing the absence of 


coals. 


corals, these are not 
corals 


small calcareous groups to the carbonization 
and its acidic This 
process resulted in the destruction of all but 


process byproducts. 


the chitinous micro-organisms, but these 
considerable abundance. 
Giimbel, 


present in 
Originally illustrated by 
chitinous forms were reillustrated, de 
scribed, and named by Kuntz (1895, p. 
45-46, text-figs. A,B,C). These figures and 
descriptions are reproduced herewith (see 
text-fig. 1). 


were 
these 


“Es sind offenbar zwei verschiedene Gat- 
tungen, die ich hier copire, wovon Micro- 
aulopora (Fig. A in 600 facher Vergrésserung) 
die Gestalt der vom Silur bis Carbon vorkom- 
menden A ulopora hat, also diittenférmig cylind- 
rische, zum Theil vereinigte chitinhaltige 


Individuen die aber 200-300 mal kleiner sind 


a junior homonym of Guembelina Kuntz, 1895 


62 


als bei Aulopora, wihrend Gimbelina (Fig. B 
and C) aus ahnlichen aber bis dreimal grés- 
seren und dusserlich ringsum gegliederten, 
scheibenartig geringelten  I[ndividuen 
corallenartig zusammensetzt. Tab. II], Fig. 
53a, rechts, bei Giimbel (also excl. der Fig. 53 
links, die vielleicht einer Jugendzustand 
ichnlich wie bei Heteropora darstellt) aus der 
Cinnelkohle von Wigan in England (nach 
Giimbel darin haufig, aber auch in anderen 
Kohlen vorher von ihm gefunden) will ich 
Microaulopora vulgaris nennen. Hiermit ist 
offenbar identisch Fig. 55 aus der Boghead- 
kohle von Turbanhill, ‘einen sehr betricht- 
lichen Theil der Kohle ausmachend’ und Fig. 
58 aus der permischen Plattelkohle 
Béhmen, in der sie sich ‘in geradezu erstaun- 
licher Haufigkeit’ findet. Dagegen stellt Fig 


von 


Chitinhalti ze Halbcorallen aus Carbonkohlen. 


A. Microaulopora vulgaris. (*¢°. 
B. Gtimbelina ruthenica, (*9° + 1°.) 
C. Gitimbelina tasmanica. (*$°). 


Trext-FiG, /—Copy of text figures from Kuntz, 
1895 (reduced to 0.9 times the size in the orig- 
inal publication). 
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64, rechts, bei Giimbel (die Figur links als 
undeutlich ist auszuschliessen), welche ich 
hier unter B in nur 400 facher Vergrésserung 
fiir die grosse Figur, die kleine entsprechend 
kleiner reproducire, Gimbelina ruthentca aus 
den devonischen braunen russischen Steinkoh- 
len von Tschulkowa bei Tula vor, wo sie in 
Massen’ vorkommt, sie hat ‘uhr- 
glasihnlichen’ Aufbau. Fig. 57 bei Giimbel, 
hier Fig. C, bei 400 facher Vergrésserung, ist 
Giimbelina tasmanica mit zweierlei, zum Theil 
diinnen schmalen, zum Theil doppelt dickeren, 
wulstigen, dusserlichen Abgliederungen, aus 
der Tasmanit-Gaskohle von Van-Diemensland, 
‘worin sie in héchst betrichtlicher Menge vor- 
handen sind.’ Wir haben es hier wahrscheinlich 
mit einer ausgestorbenen besonderen Familie, 
chitinhaltigen Halbcorallen, zu thun, die 
zwischen Foraminiferen und Corallen steht” 
(italics ours 


‘enormen 


Thus, \Jicroaulopora is described as being 
horn-shaped, sometimes multiple, with chiti- 
nous structure, the Paleozoic 
coral genus 1 ulopora but 200 to 300 times as 
small. The type of the genus (fixed by mono- 
typy) is Microaulopora vulgaris which occurs 
in the cannel coal of Wigan, England. 


resembling 


The genus Guembelina is of similar ap- 
pearance, but annulated, with the separate 
individuals about three times as large, and 
occurring generally in colonies. Two species 
were described, G. ruthenica, which occurs in 
“enormous masses” in the Devonian coals of 
Tschulkowa in Russia, and G. tasmanica, a 
dimorphic form with part of the individuals 
thin and small, and the remainder larger and 
thicker. The latter species was found in 
abundance in the Tasmanite gas coal of Van 
Diemensland. Guembelina tasmanica Kuntz, 
1895 (p. 46) is here designated as type 
species of the genus Guembelina Kuntz, 
1895. 

As to the affinities of these genera, Kuntz 
stated that they probably represented a 
distinct and extinct family of ‘‘semicorals,”’ 
which he regarded as intermediate between 
Foraminifera and corals. 

In view of the considerable current in 


terest in palynology, it is quite possible that 


these chitinous genera will be found else 
where in similar occurrences. Probably 
unrelated to either Foraminifera or corals, 
these genera may possibly have affinities 
with the chitinozoans, which are proving to 
stratigraphic importance in early 
Described by Kuntz as 


have 


Paleozoic strata. 


ALFRED R. LOEBLICH, JR. 


AND HELEN TAPPAN 


occurring from the Devonian to the Per 
mian, they might be later colonial develop 
ments from the earlier solitary chitinozoans, 
although little is yet known of the internal 
structure of these forms. The individuals are 
much smaller, and apparently they did not 
have the characteristic apertural collar of 
the true chitinozoans. 


PRIORITY OF GUEMBELINA 
KUNTZ, 1895, OVER 
(SUEMBELINA EGGER, 1899 


The prior status of Guembelina Kuntz, 
1895, invalidates the use of the 
Guembelina Egger for the foraminiferal 
genus of the family Heterohelicidae. Inde- 
pendent studies by Hofker (1957) and 
Montanaro Gallitelli (1957) both concluded 
that species previously referred to the 
genera Heterohelix Ehrenberg, 1841, and 
Guembelina Egger, 1889, have no morpho 
logic distinction. The separation of the forms 
with large early planispiral coil as /etero 
helix (the type genus of the family), and 
those with very small coil (in the micro- 
spheric generation), or no coil, as Guembe- 
lina, was regarded as untenable by both 
Hofker and Montanaro Gallitelli, although 
their interpretations and conclusions dif 
fered somewhat. 4 

Montanaro Gallitelli (1957, p. 137-138) 
studied numerous individuals of many 
species, and found that from 0.5 to 80.0 per 
cent of the specimens of the various species 
of “‘Guembelina” had an early coil, averaging 
8.2 per cent coiled in over 3000 specimens 
examined. Nearly all species, except those 


name 


from the Lower Cretaceous, showed an early 
coiled stage. 

Hofker (1957, p. 421) studied Guembelina 
striata and Heterohelix navarroensis (which 
he regarded as from the 
Turonian to Maestrichtian of northern 
Germany and Holland and concluded that 
the size of the proloculus of the specimens 


synony mous) 


decreased in the younger geologic ages. 
According to Hofker, the coiled versus bi- 
serial development was not due to dimor- 
phism, with the coiled specimens represent- 
ing a microspheric generation, for in the 
later Upper Cretaceous, Hofker stated that 
Guembelina became apogamous, the smaller 
proloculi indicating the presence of a single 
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the microspheric one. He con 
423) “Es ist also wahr 
Namen /J//eterohelix 
ginzlich fallen zu lassen.’’ This suggestion 


generation 
cluded (1957, p. 
scheinlich 


besser, den 


cannot be followed, as the laws of priority 


require the retention of the oldest valid 


name—in this case, /Jeterohelix. 

This decision, contrary to that of Hofker, 
was reached by Montanaro Gallitelli, who 
regarding J//leterohelix and 
synonymous, stated (1957, p. 138) that, ‘As 
Heterohelix has priority, the name Guembe 
lina must be considered a junior synonym.” 


Guembelina as 


The name Guembelina Egger, 1899, is thus 
doubly invalidated for use in the Foraminif- 
era, first as a junior homonym of Guembe 
lina Kuntz, 1895, and secondly as a junior 
Heterohelix Ehrenberg, 1841. 
amended by Montanaro 
include previously 


synonym of 
Heterohelix 

Gallitelli to 
assigned to Guembelina, and the names of 
the family Heterohelicidae, and subfamily 
Heterohelix as 


type genus, remain unchanged. 


Was 


spec ies 


Heterohelicinae, based on 
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TYPE SPECIMENS OF NORTH AMERICAN PALEOZOIC 


RADIOLARIA 


WILLIAM R. RIEDEL ann HELEN P. FOREMAN 
Scripps Inst. Oceanography, La Jolla, Calif. and Oberlin College, Ohio 


In connection with our current studies of 
Paleozoic radiolarian assemblages from the 
Devonian of Ohio (Foreman, 1959) and 
Western Australia (Glenister & Crespin, 
1959) and the Silurian of the Canadian 
Arctic Archipelago, we have had occasion to 
examine type material of two assemblages of 
Paleozoic Radiolaria previously described in 
the United States (Ruedemann & Wilson, 
1936; Aberdeen, 1940). Apart from direct 
comparisons of the species in these previ- 
ously described assemblages with forms in 
our undescribed material, which will 
discussed in subsequent papers, we have 
made certain incidental observations which 
it seems appropriate to report in this sepa- 
rate note. Our examination of Ruedemann 
and Wilson’s material in the New York 
State Museum at Albany, N. Y. was made 
possible by the cooperation of Dr. Donald 
\W. Fisher and his staff, and Aberdeen’s 
material in the Walker Museum of Paleon 
tology at the University of Chicago was 
kindly loaned to us by Dr. J. Marvin Weller 
and Matthew H. Nitecki. For one of us 
(H.P.F.), this represents part of a research 
project supported by a grant from the 
Geological Society of America. 

At least some of the structures in the 
Ordovician Normanskill and Deepkill cherts 
of New York which Ruedemann and 
Wilson based their radiolarian descriptions 
may well represent Radiolaria, but they are 
not sufficiently well defined to warrant the 
reconstructions and identifications which 
those authors made. 

Aberdeen’s Radiolaria from the Santiago 
chert member of the Caballos novaculite of 
Texas, on the other hand, are well preserved 
and must be taken into account for compar- 
ative studies. One of our principal objects in 
examining this type material was to deter 
mine whether certain structures which have 
recently been found commonly in a few 
widely separated Silurian to Carboniferous 
localities might have been overlooked during 


be 


on 


the original description—namely, members 
of the genera Palaeoscenidium Detlandre 
and Ceratoikiscum Deflandre, and_ the 
presence within many of the Sphaerellaria of 
spicular structures similar to those described 
by Hinde (1899) as occurring within several 
species from the Devonian of New South 
Wales including his Staurosphaera pusilla 
and <Acanthosphaera etheridget. We have 
confirmed that none of these occur in Aber 
deen's material. 

In searching for Aberdeen’s type speci- 
mens, we have become aware of some dis- 
crepancies between the positions of the type 
specimens as given in her text, and those 
indicated in the legends to the plates. We 
therefore record, under the specific names 
below, the positions of type specimens as we 
have found them on the slides. The relative 
abundances of the species are also noted, 
together with observations which amplify 
the original descriptions. 

The positions of type specimens were 
marked by Aberdeen in India ink on the 
cover glasses or lower surfaces of the slides. 
Although these markings have been pre 
served fairly well through the past twenty 
years, it seems desirable to supplement them 
by coordinates, the future reliability of 
which is not so dependent upon careful 
handling of the slides. For this purpose we 
have used an England Finder, made by 
Graticules Ltd., 57/60 Holborn Viaduct, 
London E.C.1, and distributed in the U. S. 
by Eric Sobotka Co., 110 West 40th Street, 
New York 18, N.Y. and Edmund Scientific 
Co., 101 Gloucester Pike, Barrington, New 
Jersey. This Finder is a 3’’ X 1” glass slide on 
which is centered a grid 73 mm. X 24.5 mm. 
divided into approximately 1 mm. squares 
(75 X25). The squares are marked in such a 
way that when viewed through a compound 
microscope the vertical rows are numbered 1 
to 75 from left to right, and the horizontal 
rows are lettered A to Z (excluding 1) from 
top to bottom. Each square is subdivided 


628 


Se 
aS 
he 
Ad 
4 
<a 
4 
4 
4 


PALEONTOLOGICAL NOTES 


into five parts, four of which are labelled 1 to 
4 and the fifth may be designated 0 (text-fig. 
1). When it is wished to record the position 
of a specimen, the slide bearing the prepara- 
tion is placed in the holder of a mechanical 
stage and the desired specimen centered in 
the field of view. The slide is then removed 
and replaced by the Finder. The position is 
recorded according to the numbered and 
lettered subdivisions of the grid: thus the 
location of a specimen in a position corre- 
sponding to X in text-fig. 1 would be re- 
corded as R39/3. Two adjacent edges of the 
Finder and the corresponding edges of the 
slides bearing the specimens are reference 
edges, and these vary with different me- 
chanical stages: for the the 
present work, the reference edges are the 
short edge of the slide on the observer's right 
hand, and the long edge nearer the observer. 
Both Finder and specimen slide are placed 
on the microscope stage so that their labels 
(viewed normally, not through the micro 
scope) are in the normal reading position. In 
the following notes, the positions of speci- 
mens follow the slide paren- 


purposes of 


numbers in 
theses. 


TYPE SPECIMENS OF 
ABERDEEN’S RADIOLARIA 


References to figures on plates 
are to those of Aberdeen (1940). 


specimen 
(Pl. 20, fig. 1), slide 44537 (K26/0). Other 
figured specimens (PI. 20, figs. 2 and 3) not 
found. 

Cenosphaera variabilis.—Syntype (PI. 20, 
fig. 17), slide 44496 (M30/3). Unfigured 
syntype on slide 44997 not found. The 
figured syntype has at least three spines, 
two of them broken off and one 60 yw long, 
arising from tent-like protuberances on the 
shell surface (text-fig. 2): the bases of the 
two broken spines are visible in Aberdeen’s 
published figure. The species is apparently 


rare—the only specimen which we have been 
able to identify positively is the figured 
syntype. 


Cenosphaera hexagonalis.—Holotype (PI. 
20, fig. 12), slide 44999 (T34/0). Paratype 
(Pl. 20, fig. 13) on slide 44995 not found. 
This species is not uncommon. Many speci- 
mens have short, acute spines arising from 


3 4] 3 4 


lext-F1G. /—Portion of the grid of an England 
Finder. X marks position R39/3. 


the lattice surface (text-fig. 3; slide 44494, 
H33/4). The specific name is preoccupied by 
Cenosphaera hexagonalis Haeckel, 1887. 

Cenosphaera semiequalis.—Syntype (PI. 
20, fig. 7), slide 44538 (N22/4). Syntype 
(Pl. 20, fig. 8), slide 44998 (D33/2). The 
syntype on slide 44538 shows distinctly the 
bases of three rod-like spines originating 
from the lattice surface: the other syntype is 
not sufficiently well preserved to show 
presence or absence of external spines. 
Skeletal fragments which may belong to this 
species are rather common. 

Carposphaera magna.—Syntype (PI. 21, 
fig. 4), slide 44545 (R27/0). Syntype (PI. 21, 
fig. 10), slide 44535 (T27/0). The remaining 
syntype (Pl. 20, fig. 18) is probably the 
specimen on slide 44493, at coordinates 
043/2 when the slide is turned over so that 
the cover glass is downward. The ratio of the 
diameters of inner and outer lattice shells, on 
the basis of which this species is distin- 
guished from Carposphaera equalis, grades to 
those proportions described as characteristic 
of the latter species. The specific name is 
preoccupied by Carposphaera magna Riist, 
1892. 

Carposphaera equalis——Syntype (PI. 20, 
fig. 4), slide 44532 (F28/3). Syntype (PI. 20, 
fig. 5), probably slide 44535 (E30/2). As 
indicated in the preceding paragraph, it is 
impossible to distinguish this species reliably 
from Carposphaera magna. Taken together, 
the two forms are common in the assem- 
blage. Many specimens which apparently 
belong to this species have rod-like external 
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Radiolaria from Aberdeen’s preparations of the Caballos novaculite. All figures 


150. 2, Cenosphaera variabilis; 3, Cenosphaera hexagonalis; 4, Carpos haera equalis; 5, Hexastylus 
g 
basiporosus; 6, Hexastylidium vartatum; 7, Heltosphaera macrospinosa 


spines (text-fig. 4; slide 44491, R22/0). 


Thecosphaera hexpenetrata.—Holotype (PI. 
21, fig. 16), slide 44536 (M27/0). The holo- 
type is the only specimen found. 

Rhodosphaera sp.—Figured specimen (PI. 
20, fig. 10), slide 44547 (T28/3). It is doubt- 
ful that this species can be reliably distin- 
guished from those described in the genus 
Spongoplegma. 

Plegmosphaera spiculata.—Holotype (PI. 
21, fig. 3), slide 44532 (Q29/0). Unfigured 
paratype, probably slide 44497 (B38/0). 
Apart from the absence of a medullary shell 
and associated radial this form 
resembles those described in the genus 
Spongoplegma. lacking 
inner structures are common, but it is doubt- 
ful whether this is significant or whether it is 
due to vagaries of the type of preservation of 
the radiolarians in this material—coating or 
replacement of the original silica by iron 
oxide. 

Spongoplegma brevisphaera.—Syntype (PI. 
21, fig. 17), slide 44542 (N32/4). Unfigured 
syntype, probably slide 44538 (L33/4). The 
specimen believed to be the unfigured syn- 


beams, 


Specimens these 


type has distinct radial beams between the 
inner and 
cortical region: these are shorter than those 
described for Spongoplegma longispinosa, 
but otherwise similar. 

Spongoplegma longispinosa.—Syntype (PI. 
20, fig. 6), slide 44546 (H42/2). Syntype (PI. 
21, fig. 1), slide 44998 (R32/0). The width of 
the spongy region, and the length of the 
radial beams within it, are variable between 
those described for this species and for 
Spongoplegma brevisphaera. Taking 
two species together, they are common in 


outer surfaces of the spongy 


these 


the assemblage. 

Xiphostylus inclinatus.—Syntype (Pl. 21, 
fig. 7), slide 44548 (E 43/1). Syntype (PI. 21, 
fig. 8), slide 44494 (H36/0). This species is 
apparently not uncommon, though it is of 
course impossible to recognize except in 
those sections which are longitudinal. 

Stylosphaera quasiobtusa.—Syntype (PI. 
21, fig. 5), slide 44544 (S34/4). Unfigured 
syntype, 44998 (M26/0). 
Besides the syntypes, three specimens were 
found. 

Staurostylus varispinatus. 


probably slide 


Holotype (PI. 
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20, fig. 19), slide 44997 (P40/3). The holo- 
type is the only specimen found. The classi- 
fication of this specimen is regarded as quite 
doubtful, because the object which Aber- 
deen regarded as the short spine might 
equally well be a fortuitously apposed dark 
grain of inorganic origin. 

Staurosphaera rotunda.— Holotype (PI. 20, 
fig. 11), slide 44548 (P36/3). As the speci- 
men is incomplete, its determination as a 
staurosphaerid rather than a cubosphaerid 
seems somewhat doubtful. The holotype is 
the only specimen found. 

Staurodoras brevispinosa.—Holotype (PI. 
21, fig. 11), slide 44546 (M34/3). The lattice 
shell is thick-walled, but we see no evidence 
that it is spongy as described. Most of the 
pores of the lattice-shell are approximately 
5 w in diameter. The holotype is the only 
specimen found. 

Hexastylus basiporosus.—Syntype (PI. 21, 
fig. 6), slide 44546 (J42/3). Syntype (PI. 21, 
fig. 9), slide 44542 (N37/2). Syntype (PI. 21, 
fig. 13), slide 44495 (R24/3). Unfigured 
syntype, possibly slide 44549 (Q36/4). Un- 
44537 
Many 
specimens have by-spines arising from the 


figured syntype, probably slide 


(Q37 4). This species is common. 


lattice shell (text-fig. 5; syntype figured by 
\berdeen on PI. 21, fig. 13) and thus ap- 
Heliosphaera The 
number of main-spines is not constantly six, 
but may also be five or seven. Diameter of 
lattice shell generally 90-120 
Hexastylidium variatum.—Holotype (PI. 
21, fig. 14), slide 44545 (S39/3). It is impos- 
this 
species with the specimen figured as its 
holotype. Examination of both sides of the 
holotype reveals that six or perhaps seven, 


proach macrospinosa. 


sible to reconcile the description of 


almost complete spines (each approximately 
35 uw long) are present, together with the 
bases of at least two others (text-fig. 6: the 


structure which may be a seventh complete 
spine is not visible in this figure, as it is on 
the side of the specimen away from the 
observer). 

Hexalonche sp.—-Figured specimen (PI. 20, 
fig. 9), slide 44997 (N37/2). The figured 
specimen is the only one found. It is not 
sufficiently well preserved to permit its 
certain identification as Hexalonche. 

Acanthosphaera dodecaspinosa.—Synty pe 
(Pl. 21, fig. 2), slide 44538 (028/0). Syntype 
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(Pl. 21, fig. 15), slide 44535 (P29/1). Syn- 
type (PI. 21, fig. 18), slide 44548 (L25/0). In 
many specimens, the lengths of the spines 
approximate or exceed the diameter of the 
lattice shell. This species is apparently 
common: most of the specimens are frag 
mentary. 

Acanthosphaera microspinosa.— Holotype 
(Pl. 20, fig. 21), slide 44535 (M34/4). Spines 
on the holotype range up to 40 uw in length. 
The species is rather common. 

Acanthosphaera hirsuta.—Holotype (PI. 
21, fig. 12), slide 44543 (T36/4). This species 
is rather common. 

Acanthosphaera grandis pinosa.— Holotype 
(Pl. 21, fig. 19), slide 44547 (J28/1). The 
holotype is the only specimen positively 
identified. 

Heliosphaera macros pinosa.— Holotype 
(Pl. 20, fig. 14), slide 44498 (F36/2). Exam 
ination of the holotype, particularly the 
side opposite that from which Aberdeen’s 
photograph was taken (text-fig. 7), shows 
that this species closely resembles /exastylus 
basiporosus with 
spines. This species, if it be distinguished 
from //. basiporosus by its strongly devel- 
oped by-spines, is rather common. Diameter 
of the lattice shell generally 95-120 uy. 

Heliosphaera alternata.—Holotype (PI. 
20, fig. 22), slide 44545 (N28/0). Two of the 
main-spines of the holotype are about 220 u 


strongly developed by 


long. Several specimens of this species were 
found. 

Haliomma perfecta.—Syntype (PI. 20, fig. 
20), slide 44546 (Q35/0). Syntype (PI. 20, 
fig. 16) not found. Unfigured syntype on 
slide 44537 not found. Few specimens of 
this species were found. 

Astrophacus cingulatus—Holotype (PI. 
20, fig. 15), slide 44996 (C34/2). The holo- 
type is the only specimen found. There is 
no strong evidence for the outer shell being 
lenticular rather than spherical: if it is 
spherical, this species may be the same as 
Carposphaera equalis. 
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MANUSCRIPT RECEIVED JUNE 9, 1960 


LOOMISI MATTHEW? 


J. R. MACDONALD 
Boise, Idaho 


A lower jaw (South Dakota School of 
Mines Museum of Geology Number 55140) 
from near the top of the Brule formation in 
Shannon County, South Dakota, may be 
referable to Proterix loomisi Matthew. The 
specimen was found at the Godsell Ranch 
locality (S.D.S.M. No. V5411) ten feet 
below the contact of the Brule and younger 
channel deposits. At this point the upper 
forty feet of the Brule has been removed by 
very early Miocene stream action which has 
left a thick series of early Miocene channel 
deposits lying disconformably on the Brule. 
These stream deposits may be considered as 
part of the Sharps formation, representing a 
facies similar to the Gering formation of 
Nebraska. 

It is suggested that this jaw may repre- 
sent Proterix loomisi Matthew. It is refer- 
able to the Echinosoricinae, as evidenced by 
the similarity of its dentition to that of 
Echinosorex De Blainville from the Recent 
of southern Asia. The Godsell Ranch local- 
ity is close, both temporally and geograph- 
ically, to the type locality of P. oomisi. The 
type of this species is a partial cranium 
(A.M.N.H. No. 9756) which was found in 
the upper part of the Brule formation in 
Indian Draw; the White River 
Badlands, a_ few away from the 
S.D.S.M. locality. 

The fragment contains the P;—M,. The 
P; is small and conical; the anterior face is 
and the concave; 


this is in 
miles 


face 
there is an intermittent cingulum. The P, 
has a large conical anterior cusp with the 
posterior face flattened; extending halfway 


convex posterior 


PEXT-FIG 1——?Protertx loomis Matthew, 
S.D.S.M. No. 55140. Fragment of right ramus 
with P;—M, and a fragment of M.. Labial and 
crown views, X5 


up the face from the antero-lingual corner 
of the tooth is a small ridge which has de 
veloped from a spur of the cingulum; the 
posterior flattening of this cusp is in part 
due to wear; behind the principal cusp is the 
worn remnant of a trenchant ‘‘heel’’ which 
had its crest slightly linguad of the center 
line when unworn; there is a well developed 
cingulum extending from the anterior mid- 
line around the labial side, across the poster 
ior end of the tooth and anteriorly along the 
lingual side to the posterior base of the 
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be 
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principal cusp. The M, has a strongly de- 
veloped trigonid and talonid; the trigonid 
is heavily worn, the paraconid is small and 
compressed 
conid is large and triangular, the metaconid 
is large and round with a flattened posterior 
side, the valley between the paraconid and 
the metaconid is narrowed lingually by the 
expansion of the metaconid and expands 
into a shallow ‘‘Y” at its labial end; the 
talonid has a large triangular shaped hypo 
conid which is broadly connected posteriorly 
with a large antero-posteriorly compressed 
entoconid; anteriorly the hypoconid is con- 
nected by its angular anterior edge to the 
middle of the posterior face of the proto- 
conid; the talonid valley is slightly 
stricted lingually but large; the cingulum is 
strongly developed from the antero-lingual 


anteroposteriorly, the proto- 


con- 


corner of the paraconid along the labial side 
to the base of the hypoconid; the cingulum 
is also well developed across the posterior 
end of the tooth with an expansion at the 
base of the hypoconid that may represent 


ADDITIONAL 


After publishing the note on ‘‘Viviparous 
Turritella pilsbryi Gardner” (Palmer, Jour. 
Pal., v. 32, No. 1, p. 210-213, 1958), atten- 
tion was called by Robert V. Kesling to an 
article in 1935 on ‘‘Ovoviviparous reproduc- 
tion of Miocene Turritellidae,’"” by A. H. 
Sutton (Amer. Mid. Nat., v. 16, No. 1, p. 
107-109) Dr. Sutton found and reported a 


RECENTLY 


V. W. 


DESCRIBED BIRDS AND MAMMALS FROM 


TABLE OF MEASUREMENTS 
(In Millimeters) 
anteroposterior diameter 
transverse diameter 


anteroposterior diameter 
transverse diameter 


anteroposterior diameter 
transverse diameter 


transverse diameter 
(trigonid ) 


M, 


an incipient entoconulid. Part of the 


trigonid of the Mz is preserved; it resembles 


that of the M, except for a greater reduction 
of the paraconid and a greater labial expan- 
sion of the valley between the paraconid and 
the metaconid. 

The drawings were made by Dr. Florence 


D. Wood. 


NOTE ON OVOVIVIPAROUS TURRITELLA 
KATHERINE 


PALMER 


shell of 7. alumensis Mansfield from Alum 
Bluff, Florida, Choctawhatchee formation, 
Miocene. This specimen contained 48 young. 
The discovery furnishes information on a 
fourth species of Turritella from the Chesa- 
peake and Floridian Miocene which prob- 
ably had an ovoviviparous habit of repro 
duction. 


CUBAN CAVES 


PIERCE BRODKORB 


Department of Biology, University of Florida, Gainesville, Florida 


Pleistocene fossils collected by members of 
the Sociedad Espeleolégica de Cuba have 
served as the basis of several new generic 
and specific names of birds and mammals 
and have given rise to a rumor of the former 


occurrence on that island of giant flightless 
birds allied to Phororhacos of the Tertiary of 
Argentina (Arredondo, 1954, 1955, 1956, 
1958a, 1958b; Koopman, 1958). As_ the 
descriptions are in journals likely to be 
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overlooked by specialists, and particularly 
since the tvpe series of the supposed phor 
orhacid consists of a mixture of bird and 
mammal bones, their status in nomenclature 
is reviewed at this time. 


THE JOURNALS 


The three Cuban periodicals known to 
contain reference to this material are the 
Sociedad Espeleolégica de Cuba Boletin, 
Bohemia, and El Cartero Cubano. For their 
kind cooperation in supplying copies | am 
much indebted to Sr. Oscar Arrendondo and 
to the editorial staffs of Bohemia and El 
Cartero Cubano. 

The S.E.C. Boletin is a brochure of loosely 
stapled typewritten sheets that are repro- 
duced by the ‘Ditto’ stencil process with 
purple ink that fades quite away upon 
exposure to light. It is said to appear 
monthly from offices at Egido and Misién 
streets, La Habana. It is apparently not on 
sale, but a statement soliciting exchanges 
appears on the cover. Because of the ephem- 
eral method of reproduction, if for no other 
reason, these the 
requirements for the publication of new 
scientific names. 

Bohemia is an illustrated weekly review, 
founded in 1908. It is published at Troca 
dero 357-359, La Habana, where it is on 
sale at 15 centavos per current number, 25 
for back numbers. have 
been illustrated in this 
magazine, but no new names appear to have 
been proposed in it. 

El Cartero Cubano is the official organ of 
the Asociacién Nacional de Carteros. It is 
published monthly at Revillagigedo 115, La 
Habana, where it is on sale at 20 centavos 
per number and is distributed by exchange 
to allied organizations throughout the conti 


sheets do not satisfy 


centavos Fossils 


descril ved 


nent and in Spain. It is printed by standard 


methods on good quality paper. If otherwise 
valid, new names proposed in this journal 
have standing in nomenclature, particularly 
since the author distributed excerpts of his 
papers to at least five workers abroad. 


THE SUPPOSED PHORORHACIDS 


For alleged phororhacid material from 
Cuba, Arredondo (1958a, p. 11) has pro 
posed the generic name Ornimegalonyx and 
the specific names Ornimegalonyx Arredon- 
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doit and Ornimegalonyx Oterot. These names 
are proposed in a valid manner, since they 
are published in a printed journal available 
to the public, with a diagnosis, and with the 
material illustrated by photograph and 
drawing. I hereby designate Ornimegalonyx 
oteroi as type of the genus. 

The name Ornimegalonyx arredondoi is 
said (Arredondo, 1955, 1956, 1958a) to have 
been proposed provisionally on June 8, 1954, 
but this is merely a quotation from a letter 
sent by Arredondo on February 11, 1954, to 
Dr. M. Rivero de la Calle and mentioned in 
the minutes of the S.E.C. under date of June 
8, 1954. It does not constitute publication. 
The first appearance in print of the name 
Ornimegalonyx arredondoi seems to be in the 
article in El Cartero Cubano cited above 
(Arredondo, 1958a). 
that he now declines the name arredondot 


Here Arredondo states 


and substitutes in its place that of oterot. 
The material on which the two specifi 
names are based is the same. It consists of a 
fragmentary femur, 
tibiotarsus, a fragmentary tarsometatarsus, 
two ungual phalanges, and two subterminal 
phalanges, collected by Arredondo on 
January 2, 1954, in the Cueva Pio Domingo, 
Valle de Pica Pica, Sierra de 
province of Pinar del Rio, Cuba. The type 


three fragments of a 


Sumidero, 


series is illustrated in the upper right-hand 
photograph on page 12 of the Cartero 
article above. A 


better reproduction of the same photograph, 


Cubano cited somewhat 
turned around, appears in the upper right 
hand illustration on page 48 of the Bohemia 
article (Arredondo, 1954). 

The type series represents a large owl of 
the family Strigidae. The family reference is 
shown by the presence of an ossified bridge 
over the proximal end of the extensor groove 
of the 
possibility that more than one individual or 


tarsometatarsus. Because of the 
taxon may be represented in the type series, 
the left tarsometatarsus is hereby selected as 
lectotype of both Ornimegalonyx oteroi and 
Ornimegalonyx arredondoi. These two names 
are of equal date, as demonstrated above. 
Under the first reviser principle I select 
Ornimegalonyx oteroi as the name of the 
species. Alleged members of the Phororhaci 
dae, said to represent about four species, 
have been reported (Arredondo, 1955, p. 4, 
26, 28: Arredondo, 1956, p. 5 of appendix; 


4 

4 

ged 
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Arredondo, 1958a, p. 10, 12; Koopman, 
1958, p. 2) from other Cuban localities indi- 
Boletin (Ar 


the evidence 


cated on a map in the S.E.C 
1955, p. 4). From 
available none of this material belongs in the 


redondo, 


Phororhacidae but appears likewise to be 
strigiform. 


RECENTLY DESCRIBED RODENTS 


\ttention is also called to the publication 
of several new names of Pleistocene rodents 
1958b). 


1. Geohoromys, p. 11 and fig. 2 of lower cut 


\rredondo, These are as follows: 
on same page. Described in family ‘‘Echimy 

dae.” The name is a nomen nudum at this 
point, for although the lowe cheek teeth are 
figured and described, no species is named. 
The locatity of the figured specimen is Cueva 
Pio Domingo; numerous other localities are 
mentioned. The name Geoboromys was used 
in connection with a new specific name, the 
second declension, genitive singular of the 
S.E.C. Boletin 
\rredondo, 1956, p. 7 of appendix, figured 


patronym Rivero, in the 


on p. 22 and on p. [10] of appendix), but as 
already shown, that brochure fails to satisfy 
the requirements of publication. 

2. \Macrocapromys, p. 10, 48. Described in 


family “Capromydae."’ Type by monotypy, 


\lacrocapromys acevedo Arredondo 
3. Macrocapromys Acevedo, p. 48, fig. 1 of 
upper left-hand cut on p. 10. Type locality, 
Cueva San José de las Lamas, in Santa Fé, 
province of Habana. Described on a hum 
erus. In the two copies seen, the specific 
name is illegally corrected in longhand to 
Acevedot. 
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4. Geocapromys columbianus pleistocénica 
[sic], p. 48, fig. 1 of lower right-hand cut on 
p. 10. Type locality not stated. Described on 
lower jaw characters. The name was previ- 
ously proposed, without accent but likewise 
with incorrect gender, in the S.E.C. Boletin 
(Arredondo, 1956, p. 37, fig. on p. 38), a 
medium not satisfying the requirements for 
publication. 

5. Capromys intermedius, p. 48, fig. 2 of 
upper cuton p. 11. Type locality not stated 
Provisionally described on mandibular char 
acters. 

With the exception of Geoboromys all of 


the above names are validly proposed. 
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CORRECTION 


NOTE ON 


W. A. VAN 


SOME SPECIES OF 
A. M. NORMAN, 


OSTRACODA DESCRIBED BY 
A CORRECTION 


DEN BOLD 


Louisiana State University 


In a ‘‘Note on some species of Ostracoda 
described by A. M. Norman,”’ Jour. Paleon- 
tology 34, no. 3, May 1960, I indicated the 
date of A. M. Norman’s “Report on the 
Crustacea” in G. S. Brady, ‘‘Reports of 
Deep Sea Dredging on the Coasts of North- 
umberland and Durham, 1862—1864,"’ Nat 
ural History Transactions of Northumber 
land and Durham, being papers read at the 
Meetings of the Natural History Society of 
Northumberland, Durham and Newcastle- 
on-Tyne and the Tyneside Naturalists’ 
Fieldclub, 1865-1867, v. 1, as 1867, because 
that is the date appearing on the title page. 
However, as H. V. Howe in his ‘‘Handbook 
of Ostracod Taxonomy,’’ Louisiana State 


University Studies, Physical Science Series 
Number One (1955) remarks, it appears that 


the parts for the different years were origi 
nally published separately. Sars in “Over 
sigt af Norges marine Ostrakoder,’’ Vor 
handlinger 1 Videnskabs-Selskabet i Chris 
tiania 1865,’’ which bears the publishing date 
1866, gives on page 130 a list of Norman's 
species that came to his notice after the 
manuscript was handed in for printing. This 
list makes it clear that Norman's paper was 
published before Sars’ and unless this last 
paper was not published until some much 
later date, we cannot accept an 1867 date for 
Norman's publication. 

This does not alter the sequence in which 
Brady’s and Norman's contributions, dis 
cussed in the ‘‘Note,’’ were published, but 
the date on Norman’s paper should be 
changed from 1867 to 1865. 
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NOTICES 
INQUA MEETING TO BE HELD IN POLAND AUGUST—SEPTEMBER, 1961 


The International Association for Quater- 
nary Research (INQUA) will meet in 
Poland during the late summer of 1961. The 
Congress, which meets every four years, will 
be preceded by an excursion starting from 
Warsaw on August 27. The first meeting of 
the Congress will take place on September 2 
and the last meeting on September 7. A post- 
Congress excursion will be held from Sep- 
tember 7 to 21 and will visit the main 
localities containing Polish Quaternary de- 
posits. 

INQUA was first organized during an 
international geological meeting in Copen- 
hagen in 1928 for the purpose of approaching 
Quaternary problems on an interdisciplinary 
level particularly in the fields of geology, 
archaeology, climatology, and chronology. 
Although the Congress has been attended 


CINCINNATI 


The paleontology program at the Cincin- 
nati meetings of the Society next November 
promises to be unusually interesting, even 
when seen thus far in advance. The Society 
will endeavor to celebrate the role of old 
Cincinnati in the history of American 
paleontology, with several special features 
designed with this in mind. The Committee 
would like to see an unusually strong pro- 
gram of paleontologic papers in all aspects of 
paleontology offered at these meetings, and 
invites all paleontologists to participate 


primarily by Europeans, it is international 
and non-Europeans are urged to attend. 

It has been the desire of many Europeans 
and Americans to hold the Congress in the 
United States sometime in the future. To 
this end the National Academy of Sciences- 
National Research Council created a U. S. 
Committee on INQUA. This Committee is 
making plans to invite the next Congress to 
meet in this country during the late summer 
of 1965. 

All persons interested in the 1961 Con- 
gress in Poland may obtain more detailed 
information by writing to the following: 

Professor Rajmund Galon 
Secretary General, INQUA 
Geographical Institute 
University 

Tourn, Poland 


MEETINGS 


through papers and attendance. Palecology 
and Paleontology of the Cincinnati Arch 
area will be special features of the program. 
Abstracts may be secured from the Secre- 
tary of the Geological Society of America 
(417 W. 117th St., New York 27, N.Y.), the 
Secretary of the Paleontological Society or 
the undersigned. The dead-line for abstracts 
is early July. 


KENNETH E. CASTER, CHAIRMAN, 
P.S. Program Committee 
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REVIEW 


REVIEW “THE PALEOCENE PANTO- 
DONTA”’ BY ELWYN L. SIMONS, TRANSAC- 
TIONS, AMERICAN PHILOSOPHICAL SOCI- 
ETY, NEW SER., V. 50, PT. 6, 99 P., 18 FIGs., 
JuLy, 1960, Price $2.50. 


OF 


Complete skeletons of early Cenozoic 
mammals are exceedingly rare. Therefore 
the relatively large Paleocene Pantodonta, 
now remarkably well represented by a num- 
ber of nearly complete skeletons of many 
species, are of special interest revealing the 
of a primitive but 
already diversified group of early placental 
mammals at a time when the latter had just 
begun their wide Cenozoic adaptive radia 
tion. 

Simons briefly reviews earlier work on 
pantodonts, then treats the taxonomy, 
skeletal anatomy, stratigraphic 
occurrence, ecology and phylogenetic rela 
tionships of the order. 

The Pantodonta and Dinocerata (uinta- 
theres) once were united in the Amblypoda, 
but Simons, reaffirming the distinctness of 
the two groups, attributes their similarities 
to convergence thus following Simpson and 
others. A new superfamily, Pantolambdoi 
dea, is erected and diagnosed for reception of 
the relatively primitive Pantolambdidae, 
the Barylambdidae and the Titanoideidae. 
The Coryphodontidae, a late lingering 
family, is placed in the new, monotypic 
superfamily The 


postc ranial ost eology 


general 


Cory phodontoidea. SYS- 


tematic portion of the paper includes lists of 
types and stratigraphic distributions as well 
as diagnoses and discussions for the North 


American families, genera and most species; 
a useful, judicious compilation and evalua- 
tion of a great deal of widely scattered 
information to which are added many new 
observations. Obviously not intended as an 
encyclopedic treatment, this section can be 
supplemented from the very adequate list of 
references. 

Two exclusively Old World genera, 
Eudinoceras and Hypercoryphodon, are brief- 
ly considered. Although both are younger 
than Paleocene, a more detailed treatment 
of these would have made the revision more 
nearly complete. 

“Procoryphodon" the Ga- 


Flerow from 


shato formation of Mongolia is reduced to 
synonymy with Phenacolophus (a condy 
larth, incertae sedis) from the same forma 
tion. 

The Asiatic Pantolambdodontidae 
removed from the Pantodonta to the pro 
tungulates incertae sedis. 

Archaeolambda planicanina Flerow, 1952, 
an Asiatic species, is summarily thrown into 
synonymy with Haplolambda Patterson, 
1939, eliminating the monotypic Archaeo 
lambdidae. Although this action may have 
been justified it should have been supported 


are 


by at least some discussion. 

Although the 18 figures (65 subfigures) 
mainly illustrate dentitions, these are the 
skeletal parts most commonly encountered 
and stratigraphically most useful. Descrip 
tions of other skeletal parts can be supple 
meted by reference to illustrations in earlier 
publications. 

Coryphodon, an Eocene form, 
receives only partial treatment but revision 
of that genus is a work in itself presently, 
undertaken by the author. 
Members of this genus are very large ani- 
mals, described ‘‘species”’ 
merous, and the many widely 
scattered throughout collections. Revision 
of this group is much needed for its strati 
graphic value but would have needlessly 
delayed this broader work. Unfortunately 
the author, succumbing to a temptation he 
explicitly recognized, described still another, 
supposedly most primitive species C. proteus 
based material from the Clarkforkian 
(latest Paleocene) of Montana. 


mainly 


being same 
excessively nu 
specimens 


on 


The detailed resume of the pantodont 
skeleton offers an interesting picture of the 
osteology of these primitive placentals. 

The first conclusion reached in the paleo 
ecology section is that the nature of the 
sedimentary deposits in which pantodonts 
have been found reveals little concerning the 
habitat preferences of the animals. Morpho- 
logical peculiarities of the limbs, feet, tail 
and to some extent the teeth are more help- 
ful, suggesting an early adaptive radiation of 
this primitive placental group. 
reaches several tentative conclusions here. 
Titanoides, with its claws, heavy forelimb 


Simons 
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and shoulder development is viewed as a 
root-digging vegetarian much like the later 
chalicotheres. He suggests that at least some 
barylambdids, with their compressed tails, 
forearms, and_ small 


mobile hooves on 


splayed digits may have been semiaquatic 


swimmers and marsh dwellers. Pantolambda 
and Jgnatiolambda, with small hooves on 
splayed digits are considered riparian forms; 
Coryphodon a river dwelling, root pulling 
creature of hippo-like habits. 

Simons concludes that, ‘Apart from the 
observations given above few new similari 
ties of taxonomic significance between the 
Pantodonta and other mammals have been 
observed and these are of such a general 
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nature as to be inconclusive. From this 
negative point of view new emphasis is given 
to the distinctness of this order.’’ He does, 
however, stress some of the resemblances to 
Deltatherium, a_ primitive mid-Paleocene 
creodont carnivore from North America and 
to certain condylarths such as Periptychus 
and Phenacodus. This is where the matter 
should be left because the interrelationships 
of these and other primitive placental mam- 
mal groups of the Paleocene are themselves 
poorly understood. 


Joun A. Dorr, JR. 
Dept. of Geology 
University of Michigan 


- 

wild 
i 

4 


JOURNAL OF PALEONTOLOGY, V. . 


P. 640-657, May, 1961 


SOCIETY RECORDS AND ACTIVITIES 


MEMBERSHIP LIST OF 


CORRESPONDENTS 


Cox, L. R., British Museum (Nat. Hist.), Crom- 
well Rd., London S.W. 7, England 

HuENE, Dr. F. 

Universitat, Tiibingen, Germany 

Jones, O. T., Sedgwick Museum, 
England 

KozLowskI, Roman, Zaklad Paleozoologii, 
a, Wi igury 6, Warsaw 22, Poland 

LANG, D., Lias Lea, Charmouth, Bridport, 
England 

A., Canberra, A.C.T., Australia 

POULSEN, CHRISTIAN, Mineralogical Museum, 
Ostervolgade 7, Copenhagen, Denmark 

SCHINDEWOLFE, O. H., Geologisch-Palaontolo- 
gisches Instit. der Universitat Tiibingen, 
Sigwartstr. 10, Germany 

STENSIO, Erick A., Naturhistoriska 
seum, Stockholm 50 Sweden 

ST@RMER, LeiF, Institutt for Geologi, avd. 
Blindern, Norway 

STUBBLEFIELD, C. J., Geological Survey and 
Museum, Exhibition Rd., So. Kensington, 
London S.W. 7, England 

Watson, D. M. S., Univ. College, 
don, Gower St., London W.C. 

WESTERGAARD, A. H., Villagaten 

, Sweden 

YABE, HisakaTsu, 2-50, 

Ward, Tokyo, Japan 


THE 


Cambridge, 


Riksmu- 


Univ. of Lon- 
1, England 
24, Stockholm 
Seki-Cho, 


Nerima 


MEMBERS 


ABBoTT, MAXINE L., 449 Riddle Rd., Cincin- 
nati 20, Ohio 

Accorp!, Bruno, Direttore Dell Instituto Di 
Geologia Dell Universita Palazzo Delle 
Scienze, Corso Italia, 21, Catania (Italia) 

AFSHAR, FREYDOUN Azap!I, Box 1031, Teheran, 
Iran 

AGER, DEREK VICTOR, 
College of Sci. and Tech., 
England 

ALBRITTON, CLAUDE C., JR., 
Dallas 5, Tex. 

ALEXANDER, "CHARLES 


ALLEN, 


Dept. Geol., Imperial 
London S.W. 
3436 Univ. Blvd., 


O. Box 900, Dallas, 


Buty Dean, Creole Petro. 
Juana, Zulia, Venezuela, S 
ALLEN, WM. TOoLiver, 10 Kemper Ave., 

News, Va. 


Corp., Tia 
Newport 


ALLISON, EDWIN CHESTER, Dept. Geol., San 
Diego State College, San Diego, Calif. 
Amos, ARTURO JORGE, Dept. de Geologic, Fac. 
Cicucias Exactasy Nat. Perf, 222, Buenos 
Aires, S. 

AMSBURY, Davip LEONARD, Box 180, Gatesville, 
Tex. 

AMSDEN, THOMAS W., 
Norman, Okla. 
ANDERSEN, HAROLD V., School of Geol., 

ana State Univ., Baton Rouge, La. 


Oklahoma Geol. Sur., 


Louisi- 


von, Geologisches Institut der 


PALEONTOLOGICAL SOCIETY 


ANDERSON, Howarp T., P. O. Box 1065, Tehran, 
Iran. Iranian Oil Expl. and Prod. Co. 
ANDERSON, MICHAEL MARCHMONT, Geol. Dept., 
Univ. of Mandalay, Mandalay, Burma, 
ANDREWS, HENRY N Washington 
Univ., Botany Dept., St. Louis 5, Mo. 
ANDREWS, Mrs. L. E., 280 Siewadl Central Ave., 
Amityville, N. Y 
ARMSTRONG, AuGusTUS K., Geol. Dept., 
land State College, Portland, Ore. 
ARNOLD, CHESTER ARTHUR, Dept. Botany, 
Univ. of Michigan, Ann Arbor, Mich 
ARNOLD, ZACH, MCLENDON, Museum Paleont., 
Unif. of Calif., Berkeley 4, Calif. 
Artusy, RayMonp L., 3419 Cornell, Dallas, Tex. 
Asu, SIDNEY R., 715 Montoya Rd. N. W., Albu- 
querque, N. M. 
AVNIMELECH, MOSHE, 
Palestine 
AXELROD, DANIEL I., Dept. Geol., 
Los Angeles 24, Calif. 


Port- 


Hebrew Univ., Jerusalem, 


Calif., 


Univ. 


Batrp, DonaLp, Dept. Geol., Princeton Univ., 
Princeton, N. J. 

BALDWIN, EWArRT MERLIN, 
Oregon, Eugene, Ore. 

BaLK, CuristTina LOCHMAN, Box 1421, 
N.M. 
BaLMe, Basit Eric, Dept. Geol., Univ. West 
Australia, Nedlands, Western Australia 
BALSEIRO, LINA MERCEDES, c/o Texas Petro 
Co., Apt. 267, Caracas, Venezuela, S. A. 
BALYEAT, CHARLES MICHAEL, 5 Warren Rd., 
Van Wert, Ohio 
BAMBACH, RICHARD KARL, 
Washington 15, D. ¢ 

OrvILLE Ler, Dept., Geol., 
Southern Calif., Los Angeles 7, Calif. 

Banks, HARL “- P., Botany Dept., Cornell Univ., 
Ithaca, 

BANKS, RoBert, Geol. Dept., Univ. 
Tasmania, Sandy Bay, Hobart, Tasmania 

BARBAT, WILLIAM FRANKLIN, 225 Bush St., 
San Francisco, Calif. 

BARWICK, ARTHUR R., Dept. Geol. 
Howard Univ., Washington 1, D. 

BAssLER, Ray S., U.S.N.M., 25, 
D.C 


Dept. Geol., Univ. 


Socorro, 


6223 30th St. N. W., 


Univ. 


Geog., 


BATTE N, RoGer L., 122 E. Gilman, Madison 6, 


M., Div. Invert., 
, Wi ishington 25, D. ¢ 
BAYER, TH yMAS Norton, c/o De spt. Geol. 
Macalester College, St. Paul 1, Minn. 
BEARD, JOHN H., Humble Oil and Refin. Co., 520 
Kearns Bldg., Salt Lake City, Utah 
BEAVER, HArROLD HARTMAN, Humble Oil and 
Refin. Co., Exploration Dept., Box 2180, 
Houston 1, Tex. 
3ECKER, LEROY, reole Petro. Corp., 
Venezuela 


Maracaibo, 


640 


| 
J 
= 
a 
bape 
Res 
4 
> 
4 


SOCIETY RECORDS AND ACTIVITIES 


BEERBOWER, JAMES RICHARD, Dept. Geol., 
Lafayette College, Easton, Pa. 

BeLt, W. CHARLES, Dept. Geol., Univ. Texas, 
Austin 12, Tex. 

SELL, WALLACE G., Geol. and Geochem. Div., 
Gulf Research and Devel. Co., P. O. Drawer 
2038, Pittsburgh, 30, Pa. 

BeENAVIDES-CACERAS, VICTOR E., Apartado 1081, 
Lima, Peru, So. Amer. 

BENEDICT, JAMES GALLO, 18 Cotton St., New 
Britain, Conn. 

Benson, Ricuarpd HALL, Dept. Geol., Univ. of 
Kansas, Lawrence, Kan. 

BERDAN, JEAN, M., U.S. Geol. Sur., Room 337, 
U.S.N.M., Washington 25, D. C. 

BerG, Larry DALE, 210 N. 8 St., Grand Forks, 

BerG, RoBERT RAYMOND, Embar Oil Co., 1510 
Denver Club Bldg., Denver 2, Colo. 

Berouist, HARLAN RICHARD, Room 1813, In- 
terior Bldg., Washington 25, LD. C. 

BERGSTROM, JOHN RANDOLPH, Dept. 
Western Il. Univ., Macomb, Il. 

Best, RaymMonp \ Dept. of Geol., Univ. of 
British Columbia Vancouver, B.C., Can. 

Brus, STANLEY SPENCER, 10771} Strathmore 
Dr., Los Angeles 24, Calif 

BreBerR, CHARLES LEONARD, 311 
\ve., Greencastle, Ind. 

BisseELL, HAROLD J., Dept. Geol. Brigham Young 

Univ., Provo, Utah 

Biack, CratG Catt, Carnegie Museum, Pitts- 
burgh, Pa. 

BLAKE, OLIVER DUNCAN, 731 
guna Beach, Calif 

Bau, Perer E., 1105 Jenkins, Norman, Okla 

Bium, E., 8000S. W. 19th St., Miami, 
Fla 

BLUNDELL, ROBERT KNIGHT, Dept. Geol., 
The Univ. of Wales, College Univ., New- 
port Rd., Cardiff, Wales, Great Britain 

BiuytTHe, JAcK Gorpon, Geol Dept , Univ. of 
Wichita, Wichita, Kan 

BOARDMAN, RICHARD STANTON, Room 338, 
U.S.N.M., Washington, 25, D. C 

Bock, WitHetM, North Wales, Pa 

Ricuarp W., 588 Starin 
23, N 

BOERINGER, ELLIS EUGENE, 
Ave., Columbia, Mo. 
Botti, HANS Martin, Compania Shell de Vene- 
zuela, Apartado 809, Caracas, Venezuela, 

S 

Botton, THomMAs ELwoop, Geol. Sur. of Canada, 
Dept. Mines and Tech. Surveys, Ottawa, 
Can 

Bonp, RaLeH Hurp, Dept. Geol., Capitol Univ., 
Columbus 13, Ohio 

BoreRO-ARANGO, GERARDO, Carrera Balboa 63- 
13, Medellin, Colombia, S. A 

Bovucot, ARTHUR J., Dept. Geol. and Geophys- 
ics, M.1.T., Cambridge, Mass. 

Bourn, Oscar Benyamin, 5518 Alvarado Rd., 
(Amarillo, Tex 

BoweEN, ZEDDIE PAUL, 
Cambridge 38, Mass. 


Geol., 


Greenwood 


Bayview Pl. La- 


\ve., Buffalo 


University 


1402 


MCZ, Harvard Univ., 


641 


BowsHER, ARTHUR L., JRk., Sinclair Oil and Gas 
Co., Box 521, Tulsa 2, Okla. 

Boyp, DonaLp WILKIN, Geol. Dept., Univ. Wyo- 
ming, Laramie, Wyo. 

Boyp, WALTER WILLARD, 
Bethesda, Md. 

BRADLEY, JOHN S., Box 2819, Dallas, Tex. 

Brapy, LIONEL FRANCIS, 2603, E. Prince Rd., 
Tucson, Ariz. 

Brapy, RAYMOND AbAM, 1804 Louisa St., New 
Orleans, Va. 

BRAGDON, FREDERICK 
Camp, Storrs, Conn. 

BRaAMLETTE, M. N., Scripps Inst. of Oceanogra- 
phy, LaJolla, Calif. 

BRANISA, LEONARD CASILLE, 
Bolivia 

Branson, Cart CoLton, Dept. Geol., 
Oklahoma, Norman, Okla. 

BRANSON, Mrs. HERBERTA L. VAN PELT, Shell 
Oil Co., 1200 Ist Natl. Bldg., Oklahoma 
City, Okla. 

BRENNER, GILBERT J., Dept. Geol., [hlseng Lab., 
Penn. State Univ., State College, Pa. 

Briccs, WILLIAM MELROSE, Room 
U.S.N.M., Washington 25, D. C. 

BriGuHt, Ropert C., 135 W. Ist N., Preston, 
Idaho 

BRILL, KENNETH Gray, JR., 15 N. Grand Blvd., 
St. Louis 3, Mo. 

BROCKHOUSE, ROBERT BuRTON, Shell Oil Co., 
P. O. Box 1938, New Orleans 3, La. 

BropkorB, Prerce, Dept. Biol., Univ. Florida, 
Gainesville, Fla 

BRONNIMANN, PAUL, c/o Esso Stan. (Libya) In 
Box 385, Tripoli, Libva 

Brooks, Haroip, K., Unis 
Geol., Gainsville, Fla 

Brown, BARNUM, Amer. 
York 24, N. Y 

Brown, Davip ALEXANDER, Geol 
tralian Nat. Univ., Box 197, 
A.C.T., Australia 

Brown, GEORGE DonaLp, Jk., Dept 
Indiana Univ., Bloomington, Ind. 

Brown, NOEL KING, J[R., Gulf Oil Corp., Bowling 
Green Sta., Box 35, New York 4, N. Y. 

Brown, ROLAND WiLeur, Lehighton, Route 3, 
Pa 

Brown, Ipa ALLISON, Dept. Geol., Univ. Svd- 
ney, Sydney, New South Wales, Australia 

Browne, Ruta 4007 Elfin Rd., 
Louisville 7, Ky. 

BucHer, WALTER H., Dept. Geol., Columbia 
Univ., New York 27, N. Y. 

BUEHLER, Fpwarp Joun, Dept. Geol., Univ. 
Buffalo, Buffalo, N. Y. 

BurK, CREIGHTON ALVIN, c/o Dept. 
Princeton Univ., Princeton, N. J. 

Burke, Jonn J., 176 Grant Ave., Vandergrift, 


6701 River Rd., 


FAGAN, Weeks Trailer 


2149, La Paz, 


Univ. 


202-1, 


of Florida, Dept 
Mus. Nat. Hist., New 


Dept., Aus- 
Canberra, 


Geol., 


Geol., 


a. 
BurMA, Benjamin H., Calif. Expl. Co., Room 


615, 
Calif. 
Buxscn, JAcoBpus GEORGE, c/o Compagnie des 
Petroles France-Afrique (COPEFA) Cite 


320 Market St., San Francisco, 11, 


; 
g 
: 


642 


Sainte Agnes, Batiment A N° 3B Rue Albe 
Marseille, France 

Busu, JAMES, Gen. Elec. Co., DSD, Northern 
Lites, Syracuse, N. Y 


CALDWELL, WILLIAM GLEN ELLtor, Dept. Geol., 
Univ. of Saskatchewan, Saskatoon, Sas- 
katchewan, Can., 

CAMARGO-MENDEs, Josuf, Dept. Geologia, 
Caixa Postal 8.105, Sao Paulo, Brazil, S. A. 

Camp, CHARLES L., Mus. Paleont., Univ. Calif. 

Berkeley 4, Calif. 

Campau, Donan E., 1819 Yellowstone, Billings, 
Mont. 

CAMPBELL, ARTHUR SHACKLETON, 3011 Regent 
St., Berkeley 5, Calif. 

CAMPBELL, KENTON STEWART WALL, Geol. 
Dept., Univ. of N. E., Armidale, N.S.W., 
Australia 

CarEY, RICHARD S., 190 Ellison Ave., Roosevelt, 

CARLSON, CLARENCE G. 
Grand Forks, N. D. 

CARLSON, STANLEY A., Richfield Oil Co., Box 
147, Bakersfield, Calif. 

CARRIER, JOHN BALDWIN, 520 First Nat. Bank 
Bldg., Casper, Wyo. 

Carson, CARLTON Mann, 455 E. 
Ventura, Calif. 

CARTER, JOHN LYMAN, c/o Dept. Geol., Univ. 
of Cin., Cincinnati 21, Ohio 

CasANOVA, RicHArD L., 323 N. Mulberry 
Statesville, N.C. 

CaskIE, ROBERT AMBLER, 
Shreveport, La. 

CASTER, KENNETH E., Dept. Geol., Univ. Cin- 
cinnati, Campus Station, Cincinnati 21, Ohio 

Caton, Paut WM., Jesse Lee Home, Seward, 
Alaska 

CHAMNESS, RALPH Simon, Dept. Geol., Baylor 
Univ., Waco, Tex. 

CHANEY, RALPH W., Hearst Mining Bldg., Univ 
Calif., Berkeley 4, Calif. 

CHAPMAN, JOHN SHERMAN, Stan. Oil Co. of Texas, 
Box 2766, Amarillo, Tex. 
CHAPPARS, MICHAEL S., U. S. 

Washington 25, D. C. 

CueonG, C. H., Geol. Dept., Univ. of Seoul, 
Korea 

Curonic, JOHN, Geol. Dept., Univ. of Colorado, 
Boulder, Colo. 

Cuurcu, Ciirrorpb C., Tidewater Ass'n. Oil Co., 
Box 670, 1809 19th St., Bakersfield, Calif. 

CIFELLI, RICHARD, Room 304, U.S.N.M., Wash 
ington 25, D. C. 

CLarRK, Davip Leicu, Geol. Dept., Brigham 
Young, Provo, Utah 

CLARK, JOHN, Dept. Geol. S. Dakota School of 
Mines, Rapid City, S. D. 

CLarRK, THomMas H., Dept. Geol. Sci., McGill 
Univ., Montreal, Quebec, Can. 

Curet, WILLIAM OrrIN, Rt. 5, Old Church Rd., 
Greenwich, Conn. 

CLINE, LEwis MANNING, Dept 
Wisconsin, Madison 6, Wis. 

CLovup, Preston E., JR., Room 340, U.S.N.M., 
Washington 25, D.C 


University Station, 


Main St 


ot., 


810 


Sewanee 


Geol. Surv 


Geol., Univ. 


SOCIETY RECORDS 


AND ACTIVITIES 


Coats, Rura E., 
Calif 

‘OBBAN, WILLIAM AuBREyY, U.S.G.S., Geol. Div. 
Federal Center Bldg., 25 Denver 14, Colo. 

‘OCKE, JULIUS MARION, Box 2102, Boulevard 
Sta., Norman, Okla. 

‘OLBERT, Enpwin Harris, A.M.N.H., New York 
24, 

“OLE, W. STOKRS, Dept. Geol., McGraw Hall, 
Cornell Univ., Ithaca, N. Y. 

“OLEMAN, GEORGE LEIDIGH, I], c/o No. 10, 11th 
and Missouri, Lawrence, Kan. 

“OLEMAN, P. J., Geol. Dept., Univ. Western 
Australia, Perth, Western Australia 
“OLLINSON, CHARLES WILLIAM, Illinois 

Survey, Urbana, IIL, 

“OLOMBINI, Victor, Dept. Petro. and Geol 
Eng., Louisiana Polytechnic Instit., Ruston, 
La. 

“OLQUHOUN, DONALD JOHN, Dept. Geol., Univ. 
Carolina, Columbia, S. C. 

‘ONDIT, CARLTON, Illinois State Mus., Spring- 
field, Ill. 

“ONLIN, JAMES P., 
Worth 10, Tex 

CONNELL, JAMEs F. L., Dept. Geol., Southwest- 
ern Louisiana Inst., Lafavette, La. 

CooGan, ALAN HALL, Geol. Dept., Univ. Illinois, 
Urbana, 

Cook, Harotp J., Consulting Geologist, Agate, 
Neb. 

Cook, THEeopore D., Shell Oil Co., P. O 
1861, Corpus Christi, Tex 

Cooke, C. Wyte, U.S. Geol. Survey, 
ton 25, D. C. 

Cooper, BYRON NELSON, Box 634, Blacksburg, 
Va. 

Cooper, CHALMER Lewis, U. S 
Washington 25, C. 

Cooper, G. Artuur, U.S. Nat. Mus., Washing- 
ton 25, 

CopeLAND, Murray JOHN, Geol. Surv. of Can- 
ada, 685 Geol. Survey of Canada Bldg., Ot 
tawa, Ontario, Can. 

Cooper, Paut, 657 University 
Can. 

Ropert JAMES, Sun Oil Co., 
Research Lab., 503 N. Central 
way, Richardson, Tex. 

CorveL_t_, Horace N., 3477 Far 
Dayton 9, Ohio 

CossGrirF, JOHN WM., JR., 
Berkeley, Calif. 

CousMINER, HAROLD Leorotp, 50 Ritchie Dr., 
Yonkers, N. Y 

CraiG, LAWRENCE Carey, U.S.G.S., Bldg. 25. 
Denver Federal Center, Denver 2, Colo. 

Cram, [ra H., 30 Rockefeller Plaza, New York 
20, N. Y. 

CRAMER, HowarpD Ross, Dept 
Univ., Atlanta 22, Ga 

CRANE, FRANK, 6507 Sondra Dr., Dallas, Tex. 

Cronets, Carty G., Provost, The Rice lust., 
Houston 1, Tex 

Cross, AuREAL T., Pan Amer. Petro Corp., Re 
search Center, P.O. Box 591, Tulsa 2, Okla 

CsERNA, ALENCASTER Der (Mrs. Gtorta), 


3846 Skyline Rd., Carlsbad, 


Geol. 


3617 Baldwin St., Fort 


Box 


Washing 


Geol. Survey, 


Dr Saskatoon, 
Prod. 
Express 


Hills 


\ve 


1635 \ve., 


LeRoy 


Geol., Emory 


| 
| 
2: 
7 
| 
| 
: 
Ta 
| 
| 
| 
j 
i 
| 
j 
4 
ae 
i 
| 
q 
| 
| 


SOCIETY RECORDS 


Aptdo Postal 25161, Ciudad Universitaria, 
Mexico 20, D. F., Mex. 

FFEY, ROGER JAMES, Dept 
Univ., Bloomington, Ind 

LLISON, JAMES S., Oasis Oil Co. of Libya, 230 
G. Istiklal, P. O., Box 377 Tripoli, Libva 

MINGS, EpGaAR R., Apt. 423, Alban Towers, 
3700 Massachusetts Ave., N. W., Washing- 
ton 16, D. C. 

MING, M., Geol 
Ottawa, Can 

RRY, III, 
Casper, Wyo 

TILER, JOHN FREDERICK, Geol 
Wyoming, Laramie, Wyo 

ANCARA, ALAN M., Apt. 1320, 1469 University 
Terrace, Ann Arbor, Mich 


Geol., Indiana 


Surv., 601 Booth St., 


1813 Custer Ave., 


Dept., Univ. 


DAHLBERG, Eric CHARLES, South Blvd., Nyack, 
Darve, Evizanetu .\., 3816 Barker Rd., Cincin- 
nati 29, Ohio 
Darpy, Davip Grant, Geol. Dept., Museum of 
Paleont., Univ. of Mich., Ann Arbor, Mich. 
DAVIDSON, EDWARD SYLVESTER, 2001 Ridgeway, 
Arlington, Tex 
Davies, Mrs. HANNELORE MARTEN, 861 
ton Ave., Apt. 3, Baton Rouge, La 
Davies, Mrs. HANNELORE MARTEN, 861 
lington Ave., Ape. 3, Baton Rouge, La 
Davies, Ruys JENKIN, 9805 Joel Ave., 
Orleans, at 
Davis, Den 
Mont 
Davis, RIcHARD ALBERT 
W. 19th St., Apt. B., 
Dawson, JAMES MARTIN, 
Johns, Newfoundland 
Dawson, Mary R., Peabody 
Univ., New Haven, Conn 
DeLEVORYAS, THEODORE, Dept 
of Illinois, Urbana, HI 
DeLise, KNoxte, C., Petrobras, S.E.O., Rua 
Manoel Barata, 262, Belem Para, Brazil, 
S.A 
DeMorr, LAWRENCE I 
College, Oberlin, Ohio 
DeNSON, NORMAN MACLAREN, U.S.G.S., Bldg. 
25, Denver Federal Center, Denver, Colo. 
IY Erasmo, Grremia, Instituto di Geologia, 
Universita di Napoli, Largo S. Marcellino, 
10, Napoli 105), Italy 
Desto, Arprro, Instituto di Geologia, Universita 
di Milano, Piazzale Govini 5, Milano, Italy 
CorvVALAN, School Min. Sc., Dept 
Geol., Stanford Univ., Stanford, Calif. 
Dietz, Curt, Box 3009, Stanford, Calif. 
DispENSA, ANGELO SANTO, 2402 Ave. O., 
veston, Tex. 
Dopps, ROLAND 
Astoria, Ore. 
Donery, Horr, Geol. Dept., 
lege, Corpus Christi, Tex 
Dorr, ERLING, Dept. Geol., 
Princeton, N. ] 
DouGLas, B., JR., 
Utah 


Arling- 
Ar- 
New 


2218 Patricia Billings, 


I ane, 


Davis, Jr., 710 W 
Austin, Tex 
65 Hayward Ave., St 


Museum, Yale 


Botany, Univ 


Geol. Dept., Oberlin 


Jost 


Gal- 


KENNETH, 1996 Irving Ave., 


Del Mar Col- 
Univ., 


Princeton 


Box 43, Bountiful, 


AND ACTIVITIES 643 


Douctass, RaymMonp U.S.G.S., 
U.S.N.M., Washington 25 D. C. 

Downs, THEODORE, \ngeles County Mu- 
seum, Exposition Park, Los Angeles 7, Calif. 

Dresser, HuGn, 509 N. 16th St., E, Riverton, 
Wyo 

EGpertT Gotzian, Mus 
Univ. Mich., Ann Arobr, Mich. 

DRUGG, WARREN SOWLE, Calif. Research Corp., 
Box 446 La Habra, Calif. 

DuBar, JuLes Ramon, Dept. Geol., Unis 
Houston, Houston, Tex 

Dupots, ERNesT PAUL, Stan 
ducing Operations, Box 
Pakistan 

DuNBAR, CARI 


of Paleont., 


of 


Vac. Oil Co., Pro- 


3713, Karachi, 


0., Peabody Museum, Yale 


Univ., New Haven, Conn 

Duncan, Donatp Cave, U.S.G.S., Washington 

DuNcCAN, HELEN, Room 326, U.S.N.M., Wash- 
ington 25, 1). C. 

HrANEY, Box 115, State College, 


Dunn, Paut 
Miss 
Durnam, J. Wyatt, Dept. Paleont., Univ. Cali- 

fornia, Berkeley 4, Calif. 
DURKEE, EDWARD FLEMING, Amer 
Petro., Ltd., Posta Kutusa 52, 
Ankara, Turkey 
urro, |. THOMAS, JR., 


Washington 25, D. C 


Overseas 
Vekaletler, 
332, 


S.N.M., 


Room 


Hrypex, P. O. Box 100, Unis 
\ngeles 7, Calif 


JUNG, Dept. Geol., Washing- 


~ASTON, 
Southern Calif 

SCHOLS, DOROTHY 
ton Univ., St. Louis, Mo. 

“CHOLS, RONALD J., Rm. 322, Stonier Hall, 837 
W. 36th Pl., Los Angeles, Calif 

“pGELL, Henry S., Geol. Dept., lranian Oil 
Expl. and Prod. Co., N. V., Masjid-i- 
Sulaiman via Abadan, Iran 

SHLERS, GEorGE M., Mus. of 
Michigan, Ann Arbor, Mich 

ICHER, Don L., Dept., Geol., Univ. Colorado, 
Boulder, Colo. 

Lias, M. K., Research Inst., 
Norman, Okla. 

“LLER, E. 
Pa 
“LLIS, BROOKS FLEMING, Dept. Geol., New York 

Univ., New York 3, N. Y 

“LLison, Ropert Lee, Dept. Geol., Univ., Vir- 
ginia, Univ. Sta., Charlottesville, Va 

“LLIsON, SAMUEL P., JR., Dept. Geol 
lexas, Austin 12. Tex 

“MERSON, K., A.M.N.H., Central 
Park West at 79th St., New York 24, N. Y. 

“MIELITY, JosEPH GEORGE, Milwaukee Public 
Mus., Geol., Dept., 818 W. Wisconsin Ave., 
Milwaukee 3, Wis. 

“nBysk, Betty Joyce, 6434S. 128th PL, Seattle 
88, Wash. 

-RBEN, HetnricH Kart, Geol.. Paleont 
Institut der Universitaet, Bonn a. Rh., Nus- 
sallee 2, Western Germany 

“VANS, JOHN Kerru, 643—1 
Manitoba 


, Los 


Paleont., Univ 


Univ. Oklahoma, 


R., Carnegie Museum, Pittsburgh 13, 


Univ. 


3St., Brandon, 


| 
C1 
4 
C1 
Cr 
‘| Cr 
} 
I 
} 


644 SOCIETY 


Evitt, WM., R., Ce., 1133 N. 


Lewis Ave., 


Jersey Prod. Res. 
Tulsa 10, Okla. 
“AGERSTROM, Geol., Univ. Ne- 
braska, Lincoln, 
“AIRCHILD, WILLIAM WERT, Stan. Oil Co. 
Texas, Box 66247, Houston 6, Tex. 
“ARMER, GEORGE THOMAS, JR., Old Tech. Bldg., 
Dept. of Geology, University of Cincinnati, 
Cincinnati, Ohio. 
“AUL, HENRY, U.S.G.S., Washington 25, D. C. 
“AUSTMAN, WALTER FRANCIS, Dept. Paleont., 
Univ. California, Berkeley 4, Calif. 
Ropert O., Okla. Geol. Sur., 
Okla. 
“ELDMAN, 


Joun A., Dept. 
Neb. 
of 


“AY, Normar, 


ROBERT Howarp, 1402 2nd Ave., N, 
Grand Forks, N. Da. 
“ERNOW, LEONARD REYNOLDS, 
Cornell Univ., Ithaca, N. Y. 
‘INKS, RoBeRT M., Dept. Geol., 
lege, Brooklyn 10, N. 
ISCHER, ALFRED GEORGE Dept. 
ton Univ., Princeton, N. 5. 
“ISHER, DONALD WILLIAM, New 
Museum, Albany 1, N. Y. 
HAROLD N., Humble Oil and Refin. 
P. O. Box 2180, Houston, Tex. 
FLEMING, CHARLES A., Geol. Sur. of N. Z., 
Box 368, Lower Hutt, New Zealand 
FLOWER, RoussEAU H., New Mexico 
Mines, Socorro, N. M. 
Fous, F. Juttus, 1077 San Jacinto Bldg., 
ton 2, Tex. 
FORBES, WILLIAM H., Box 231, Washburn, Me. 
FORMAN, McLain (Jay), 416 Oil and Gas Bldg., 
New Orleans 12, La. 
FosteR, GLEN LLoyp, 
Co., Exploration Dept., 
Amarillo, Tex. 
FoOsTER, NEAL RosBertT, Dept. 
Fernow Hall, Cornell Univ., 
FRANKEL, LARRY, Dept. Geol., 
Storrs, Conn. 
FRANKLET, GEORGE 
Alaska 
*REDERICKSON, EpWarD A., School of Geol., 
Univ. Oklahoma, Norman, Okla. 
REZON, SHERWOOD U.S.G.S., 
Branch Bldg. 25, Federal Center, 
Colo. 
“RICK, CHILDS, Roslyn, Long Island, N. Y. 
“RITZ, MADELEINE ALBERTA, 388 Brunswick 
Ave., Toronto 4, Ont., Can. 

“RITZ, WILLIAM HAROLD, 21B South 
corro, N. M. 
“RIZZELL, DONALD 
Rolla, Mo. 

Y, WAYNE LYLE, 
fornia, Berkeley, Calif. 

YE, CHARLES Isaac, Geol. Dept., 
Dakota, Grand Forks N N. D. 
“ULMER, CHARLES V., 557 Roy 

Seattle 9, Wash. 
“UNKHAUSER, JOHN WILLIAM, Jersey Prod. Res. 
Co., 1133 N. Lewis, Tulsa 10, Okla. 
URNISH, W., M., JR., Dept. Geol., Univ. 
lowa City, lowa 


I Jept. Geol., 


Brooklyn Col- 

Geol., Prince- 
York State 
“ISK, Co., 


Bur. 


of 


Hous- 


Humble Oil and Refin 
612 Barfield Bladg., 


Conservation, 
Ithaca, N. Y 
Univ. of Conn., 
Box 705, 


ALBERT, College, 


Fuels 
Denver, 


Dr., So- 


6 Rolla Gardens, 


Dept. Paleont., Univ. Cali- 


Univ. North 


Room 250, 


lowa, 


RECORDS 


AND ACTIVITIES 


GALE, Hoyt Ropney, 1775 Hill Dr., Los Angeles 
41, Calif. 
GALLITELLI, 
Geologia e 
dena, Italy 
GALLO, Bre NEDIC1 
Brit. 1in, Conn. 
Ga.LLoway, J. J., 
Ind. 
GARNER, H. 
kansas, 
GARTNER, STEFAN, JR 
ford 8, Conn. 
Gazin, CHARLES Lewis, | 
25. D.C. 
GENS, GEORGE FLEMING, 
Schaeffer Roads, R. D. 
GERMEROTH, ROBERT M., 
Brentwood, N. Y. 
Gipson, THOMAS GEORGE, Dept. 
ton Univ., Princeton, N. 
GILL, EpMt XD Dwen, The National ere of 
Victoria, Russell St., Melbourne , Aus- 
tralia 
GLem™m, Davip T., Cia. Guatemala-Calif.-de 
Petroleo, Aptdo. 1307, Guatemala City, 
Guatemala 
GLENISTER, BRIAN FREDERICK, Dept. 
State Univ. of lowa, lowa City, lowa 
GLOVER, Lynn, III, Dept. Geol. Guyoy 
Princeton Univ., Princeton, N. J 
GOLDRING, WINIFRED, Room 440, Font Grove 
Rd., Slingerlands, N. Y 
GORDON, MACKENZIE, 
U.S.N.M., Washington 25, D. C. 
Govuty, JOSEPH JOHN, Shell Oil Co. P. 0. 
999, Bakersfield, Calif 
GRAFFHAM, ALBERT ALLEN, 
Okla. 
GRAHAM, 


EUGENIA MONTANARO, Instituto di 
Paleontologia, Universita, Mo- 
18 St., New 


JAMEs, Colton 


Indiana Univ., Bloomington, 


FitMore, Dept. Geol., Univ. Ar- 
Fayetteville, Ark. 
, 64 Evans Ave., E. Hart- 


1, S.N.M., Washington 
Lovers Lane and 
3, Norwalk, Ohio 

19 Bushwick Ave., 


Geol., Prince- 


Geol., 


Hall, 


JR. U. 


Be 


Box 926, Ardmore, 


JOSE J., School of Mineral Science, 
Stanford, Calif 
Grant, U.S., IV, Univ 
ios Angeles 24, Calif 
GREEN, Morton, Mus. of 
School Mines and Tech., 
GREEN, ROBERT, c/o Research 
berta, Univ. Alberta, Edmonton, 
Can. 
GREENE, BRYAN ANDRE, 
Johns, Newfoundland 
GREENE, F. C., 2838 Forest 
oO. 
GREGGS, 
Canada, 
Canada 
GREGORY, JOSEPH TRACY, Dept. 
California, Berkeley 4, Calif 
Grecory, W. K., Box 535, Woodstock, N. Y. 
GREKULINSKI, EpMUND, 165 Ave., B, New York, 


Calif. at Los Angeles, 
Geol., S. Dakota 
Rapid City, S. D., 
Council of Al- 
Alta., 


18 Hayward Ave., St 


Ave 


, Kansas City 9, 


Co. of 
Alta., 


Shell Oil 
Edmonton, 


GEORGE, 
Box 186, 


ROBERT 
Ltd., 


Paleont., Univ 


GRIERSON, JAMES D., Jk., Botany Dept., Cornell 
Univ., Ithaca, N. Y. 

GRIES, Jous PAUL, State School of Mines, Rapid 
City, S. D. 

Grivey, H. L., Sun Oil Co., 


Sta., Miami 45, Fla. 


45-246 Shenandoah 


4 

I 

I 
~ 
= 
tg 

# 
3 

| at 
“42 
3 


SOCIETY RECORDS 


Gyre, GeorGE, Navy Oijl Unit, U.S.GS., 
Washington 25, D. C. 

GUTENTAG, Epwin D., 1210 Old 
Garden City, Kan. 

GutscuHick, RAyMonD C., Dept. Geol., Univ. 


Notre Dame, Notre Dame, Ind. 


Manor Rd., 


Haas, Otto Hetnricu, Mackay School of 
Mines, Univ. Nevada, Reno, Nev. 

HapLey, Wapbe Hampton, JRr., Mene Grande 
Oil Co., Apt. 709, Caracas, Venezuela, S. A. 

Harr, Barry TurRNeER, Geol. Dept., Indiana 
Univ., Bloomington, Ind. 

HAGAN, WALLACE W., 362 Transylvania 
Lexington, Ky 

HAINER, JOHN Linton, c/o Shell Oil Co., 
2099, Houston, Tex 

HALLINGER, DONALD ELLSwortu, Cravens Hall, 
Men's Residence Center, Indiana Univ., 
Bloomington, Ind 

HAMILTON, Epwin Ler, Code 2236, U.S. Navy 
Electronics Lab., San Diego 52, Calif. 

HANNA, G. Dattas, Calif. Acad. of Sciences, 
San Francisco 18, Cailf. 

Hanna, M. A., Gulf Oil Corp., 
Houston 21, Tex. 

HANNEN, Miss GERTRUDE M., Apt. 309, 1039 W. 
Hollywood St., Chicago 40, II. 

HANSMAN, ROBERT H., Dept. Geol., 
Cincinnati, Cincinnati 21, Ohio 

Hague, A. F. M. Monsenut, 8-20/283 Khudar- 
dad Khan Rd., Quetta, West Pakistan 

HARBISON, ANNE, The Barclay, Rittenhouse Sq., 
Philadelphia 3, Pa 

HarLow, Francis H., [k., 1321 Sage Loop, Los 
Alamos, N. M 

HarLow, GEORGE RicHarpson, Humble Oil 
and Refin. Co., 612 S. Flower St., 
Angeles 17, Calif 

Bruce H., The Amerada 
Corp., Drawer 2040, Tulsa 2, Okla 

HARTNAGEL, Curis A., Slingerlands, Albany Co., 
N.Y 


Park, 


Box 


3320 Charleston, 


Univ. 


Os 


Petrol. 


Hay, WILLIAM WINN, Dept. Geol., Univ. Illinois, 
Urbana, Ill. 

Haves, WARREN DEAN, c/o Seismograph Service 
Corp., Box 1590, Tulsa, Okla. 

Haynes, P., Elmlea, Boxford, Mass. 

Hazzarp, JOHN CHARLEs, P. O. Box 7600, Los 
Angeles 54, Calif. 

Heascip, WILLIAM GRAHAM, Geol. Dept., Syra- 
cuse Univ., Syracuse 10, N. Y. 

Hecke, Partie Henry, 181 Oak Lane, Roches- 
ter 10, N. Y. 

HEeDBERG, Dow, 1037 Hulton Rd., Oak- 
mont, Pa. 

HELLER, Ropert Leo, Dept. Geol., Univ. 
Minnesota, Duluth Branch, Duluth, Minn. 

HENBEsT, Lioyp G., Room 302, U.S.N.M., 
Washington 25, D.C 

HENDRIKS, HERBERT E., 
Vernon, lowa 

HENNINGSMOEN, GUNNAR, Paleontologisk Mu- 
seum, Sarsgaten 1, Oslo 45, Norway 

HENSLEY, FRANK S., JR., Geol. Dept., Otero Jr. 
College, LaJunta, Colo. 


Cornell College, Mt. 


AND ACTIVITIES 645 

HESSLAND, Ivor, Geologiska Institutet, Kungs- 
tensgatan 45, 2 Tr., Stockholm 6, Sweden 

Heususcn, Caro A. (Miss), Buffalo Mus. Sci. 
Humboldt Park, Buffalo, N. Y. 

HeEvER, Epwarp, Geol. Dept., Texas Christian 
Univ., Fort Worth, Tex. 

Hewitt, Cooper, Geol. Dept., Union 
College, Schenectady 8, N. Y. 

Hipparp, CLaupE W., 1210 Henry St., 
Arbor, Mic h. 

HICKERNELL, ROBERT LOWELL, Sr., Richfield 
Oil Corp., P. O. Box 147, Bakersfield, Calif. 

HicKMAN, R., Dept. Geol. and Geog., 
W. V Wesleyan College, Buckhannon 
W. Va. 

HicGcs, Wrtit1aAM R., P. O., Box 338, Louisiana 
Tech. Station, Ruston, La. 

Hitt, BERNARD Louts, JR., California Co., 800 
The California Co. Bldg., New Orleans 12, 


Ann 


i. 
Hitt, Ropert B., 225 Milam Bldg., San Antonio, 


lex. 

HILTERMAN, HEINRICH, Wiesenstr. 72, Hannover, 
British Zone, Germany 

HINCHEY, NORMAN SHREVE, Dept. Geol., Wash- 
ington Univ., St. Louis 5, Mo. 

HIRSCHFELD, SUE ELLEN, 2601 N. E., 23rd St., 
Ft. Lauderdale, Fla. 

Hoare, RicHArD D., 863 Lyn St., 
Green, Ohio 

HOFFMANN, EDWARD ARTHUR, JR., 
Creek Ave., Fairfield, Conn. 

HOFFMEISTER, J]. EDWArRbD, Univ 
Rochester 20, N. Y. 

HOLLAND, FRANK DeELNO, Jrk., Geol. 
Univ. N. Dakota, Grand Forks, N 

HOLLINGSWORTH, RICHARD VINCENT, 
Lab., Box 51, Midlands, Tex. 

HOLLISTER, SOLOMON Capy, College of Engineer- 
ing, Cornell Univ., Ithaca, N. Y 

HoppinGeR, JOHN ]., 11850 Edgewater 
Lakewood 7, Ohio 

Hornapvay, GorDON RAyYMER, Dept. Paleont., 
Univ. California, Berkeley 4, Calif. 

Horny, RApDvVAN, Malestranske namesti 7, 
Prague 3, Czechoslovakia 

Horowitz, ALAN STANLEY, Ohio Oil Co., Box 
269, Littleton, Colo. 

Horton, RIcHARD WILLIAM, 913 Jackson St., 
Oshkosh, Wis. 

Hose, RIcHARD KENNETH, J]R., USGS, 4 Home- 
wood P1., Menlo Park, Calif. 

Hoskins, Cortez Wa., 5384 F 26 St., Tulsa 14, 
Okla. 

Hoskins, DonaLp M., Penn. Geol. Survey, 
Dept. Inter. Affairs, Harrisburg, Pa. 

House, MicHaAeEL R., Dept. Geol., Durham 
Colleges, South Rd., Durham City, England 

Howe, H. V., Louisiana State Univ., School of 
Geol., Baton Rouge, 3, La. 

Howe, JoHN ALFRED, Geol. Dept., Univ. Ne- 
braska, Lincoln, Neb. 

Howe Lt, B. F., Dept. Geol., Princeton Univ., 
Princeton, N. J. 

Hupp_e, J. W., U.S.G.S., Washington 25, D. C. 

HUEBER, FRANCIS Maurice, Dept. Botany, 
Cornell Univ., Ithaca, N. Y. 


Bowling 
186 Pine 
Rochester, 

Dept., 
). 


Paleont. 


Dr., 


: 
: 
q 
4 
: 


646 


HurF, WILLIAM JENNINGs, Station A, Box 278, 
Miss. Southern College, Hattiesburg, Miss. 

HUFFMAN, GEORGE GARRETT, School Geol., 
Univ. Oklahoma, Norman, Okla. 

HuGHEs, RicHarD Davin, Memorial Univ., St. 
Johns, Newfoundland, Can. 

HUMPHREY, WILLIAM E., 555 Fifth Ave., 5th 
Floor, New York 17, N. Y. 

Hunt, ALLEN STANDISH, 934 North Ave., Bur- 
lington, Vt. 

Hupf, PIERRE RENE, Laboratoire de Géologie, 
Sorbonne, 1 Rue V. Cousin, Paris Ve, 
France 

Hurst, Hat N., Downey, Idaho 

Hussakor, Louts, 1537 50th St., Brooklyn 18, 
N. Y. 

HUTCHESON, ROBERT BELLENDEN, 2817 20th 
St., Bakersfield, Calif. 

HUTCHINSON, Rospert D., Bear Creek Mining 
Co., W. 508 Cataldo, Spokane, Wash. 


IMBRIE, JOHN, Dept. Geol., Columbia Univ., 
New York 27, N. Y. 

IMLAY, RALPH WILLARD, Room, 331, U.S.N.M., 
Washington 25, D. C. 

ISRAELSKY, MERLE Catucart, U.S.GS., 4 
Homewood P1., Menlo Park, Calif. 

Ivimey-Cook, HuGH 49, Putney 
Hill, Putney, London SW 15, England 


JACKSON, DENNIS Epwarpb, Pan Amer. Petro. 
Corp., 310 9th Ave,. S. W., Calgary, Alberta, 
Can. 

Jarvis, DANIEL, Box 55, Azle, Tex. 

JEFFORDS, RussELL MacGreGor, Humble Oil 
and Refin. Co., P. O. Box 2180, Houston, 
Tex. 

JELETZKY, JuRIy ALEXANDER, 302 Holmwood 
Ave., Ottawa, Ont., Can. 

Jenkins, FLoyp A., Loyola Univ. of Los Angeles, 
7101 W. 80th St., Los Angeles, 45 Calif. 
JENNINGS, PHILuip H., P. O. Box 177, Houston 

Tex. 

JEPSEN, GLENN L., Dept. Geol., Princeton Univ. 
Princeton, N. J. 

JEWETT, JOHN Mark, State Geol. Survey, Law- 
rence, Kan. 

JizBa, KATHERINE M., Apt. 1, 1121 W. Fay Lane, 
Anaheim, Calif. 

JOHNSEN, JOHN HERBERT, Geol. Dept., Vassar 
College, Poughkeepsie, N. Y. 

JOHNSON, JOHN GRANVILLE, Dept. Geol., 
U.C.L.A., 405 Hilgard Ave., Los Angeles 24, 
Calif. 

Jounson, J. 
Colo. 

JOHNSON, NIGEL Epwin ALEXANDER, 14 Hobart 
\ve., Forrest, Canberra, Australian Capital 
Territory 

JOHNSON, ROBERT BritTEN, Div. Geol., Purdue 
Univ., Lafayette, Ind. 

JoHNston, Francis NEWLANDs, Comus, Mont- 
gomery Co., Md. 

Jounston, IAN McKay, Rt. 1, Box 83d, Lafay- 
ette, La. 

Jones, C. Kertu, Geol. Dept., Emory Univ., 
Atlanta 22, Ga. 


HARLAN, 1908 Pinal Rd., Golden, 


SOCIETY RECORDS AND ACTIVITIES 


Jones, DanieL HuBBARD, Humble Research 
Center, 3120 Buffalo Speedway, Houston, 
Tex. 

Jones, Davin L., P and S Branch, USGS, 4 
Homewood Pl., Menlo Park, Calif. 

JONEs, JAMEs IRvIN, Dept. Geol., Science Hall, 
Univ. Wisconsin, Madison, Wis 

Jones, WAYNE Pav 3800 Minnesota Ave., 
Fair Oaks, Calif. 

JUDGE, SYLVESTER, CLEKE, III, 3061 Southdak 
Dr., Apt. 122, Kettering 9, Ohio 

KAAR, ROBERT FREDERICK, Dept. Paleont., 
Univ. Calif., Berkeley 4, Calif. 

IKKARKLINS, OLGERTS L., 519 S. E 
Minneapolis 14, Minn 

KASKA, HAaroL_p V., Cia. Guatemala Calif. de 
Petroleo, Apt. 1307, Guatemala City, 
Guatemala 

KATZMAN, MICHAEI 
side, N. Y. 

KAUFFMAN, ERLE GALEN, Dept. Geol., Div. 
Invert. Paleont. and Paleobotany, Smith- 
sonian Inst., U.S.N.M., Washington 25, 
€. 

Kay, MARSHALL, Dept. Geol., Columbia Unis 
New York 27, N. Y. 

KEATHLEY, KATHLEEN STEPHENS (Mrs.), 1706 
N. Weatherford, Midland, Tex 

KEEN, A. Myra, Dept. Geol., Stanford Univ., 
Calif. 

KELLOGG, REMINGTON, 5305 28th St., Washing- 
ton 15, D. C. 

KELLUM, Lewis BurNetT, Mus. of Paleont. 
Univ. Michigan, Ann Arobor, Mich 

KENT, Mrs. Lots SCHOONOVER, 1003 Lincoln- 
shire Dr., Champaign, 

KESLING, ROBERT VERNON, Mus. 
Univ. Michigan, Ann Arbor, Mich 

KESSINGER, WALTER PAUL, JR., Box 109, U.S.I 

Lafayette, La. 

Kew, W.S. W., 1100 Union St., San Francisco 9, 
Calif. 

KIER, Porter M., U.S.N.M., Washington 25, 


13th Ave., 


M., 67-01 215th St., Bay- 


Paleont., 


KIERSTEAD, Mrs. CAROLINE ELLA HeMINWaY, 
50, Northampton, Mass. 

KiLGour, WILLIAM J., Box 346, Sanborn, N. Y 

KILLIAN, ANNA Mag, 1327 Avondale Dr., Nor- 
man, Okla. 

KINDLE, Crecit H., The City College, 139th and 
Convent Ave., New York 31, N. Y. 

KING, ARTHUR FRANCIS, 335 Hamilton Ave., St 
Johns, Newfoundland 

KING, ROBERT E., 485 Lexington, New York 17, 

KirBy, Mrs. A., 7701 Misson Blvd., 
Riverside, Calif. 
KJELLESVIG-WAERING, Erik Norman, Casilla de 
Correos 5092, Buenos Aires, Argentina 
KLAPPER, GILBERT JOHN, Geol. Dept., State 
Univ. lowa, lowa City, lowa 

IKXLEINPELL, ROBERT MINSSEN, 5959 Margarido 
Dr., Oakland 18, Calif. 

KLUCKING, EDWARD PavL, Dept. Geol., Central 
Washington College of Educ., Ellensburg, 
Wash. 


: 
te 
24 
ye 
2 


SOCIETY RECORDS AND ACTIVITIES 647 


KniGut, S. H., Univ. of Wyoming, Laramie, 
Wyo. 

KNOX, ARTHUR STEWART, 1474 Columbia Rd., 
N. W., Washington, D. C. 

Kospayasui, Geol. Inst., Fac. of Sci., 
Univ. of Tokyo, Tokyo, Japan 

KOENIG, JOHN WALDO, Missouri Geol. Surv. and 
Water Resources, Box 250, Rolla, Mo. 

KOERNER, HAROLD E., Dept. Geol., Univ. Colo- 
rado, Boulder, Colo. 

Koprr, Max J., P. O. Box 65, Torrey, Utah 

Korr, P. O. Box 3, Monti- 
cello, Utah 

KX RIZ, STANISLAV, Apartado 4481, San Jose, Costa 
Rica 

KUMMEL, BERNHARD, MCZ, Harvard Univ. 
Cambridge 38, Mass. 

KURTZ, VINCENT ELLSwortH, Box 82, Albion, 
Mich., 


-ACKMAN, FREDDA JEAN BULLARD, Lone Star 
Gas Co., Geol. Dept., Dallas 1, Tex. 

-ADD, HARRY S., U.S.G.S., Washington 25, D. C. 

-AIRD, WiILson M., Dept. Geol., Univ. N. 
Dakota, Grand Forks, N. D. 

LALICKER, CrciL Gorpon, 6101 E. Morris, 
Wichita 18, Kan 

-AMorre, Ropert S., 6035 Buena Vista Ave., 
Oakland 18, Calif. 

-ANCE, JOHN FRANKLIN, Dept. Geol. and Miner., 
Univ. Arizona, Tucson, Ariz. 

LANE, BERNARD OWEN, 1684 Torrey Pines Rd., 
La Jolla, Calif. 

LANE, NORMAN Gary, Dept. Geol., U.C.L.A., 
Los Angeles, Calif 

LANGE, FREDERICO WALDEMAR,  Petrobras- 
DEPEX, Praca Pio X, 119—9°, Rio de 
Janeiro, DF, Brazil, S. A. 

ANGENHEIM, Louis, JR., Dept. Geol., 
Univ. Illinois, Urbana, Il. 

-ARIVERS, IRA, Dept. Biology, Univ. Nevada, 
Reno, Nev. 

4 Rocguer, J. A., Dept. Geol., Ohio State 
Univ., 125 S. Oval Drive, Columbus 10, 
Ohio 

-ARSON, E. RIcHARD, Dept. Geol., Univ. Ne- 
vada, Reno, Nev. 

-AUDON, LOWELL R., Dept. Geol., Univ. Wis- 
consin, Madison 6, Wis. 

-AVERDIERE, J. WILLIE, Faculté des Sciences, 
Université Laval, Boulevard de |’Entente 
Quebec, P.Q., Canada 

-AWRENCE, Davip ReEp, Dept. Geol., The 
Johns Hopkins Univ., Baltimore 18, Md. 

-EBLANC, ARTHUR E., Shell Oil Co., P. O. Box 
1509, Midland, Tex. 

-ECOMPTE, Martius, Laboratorie 4 I'Institut 
Royal des Sciences Naturelles, Rue Vautier 


LEMONE, DAVID VONDENBURG, Geol. Dept., 


Mich. State Univ., East Lansing, Mich. 


LENZ, ALFRED c/o Calif. Stan. Co., Med 


Arts Bldg., Calgary, Alberta, Can. 
-ERoy, DUANE Osmonp, 909 S. Jefferson Davis 
Pkwy., Room 457, New Orleans 7, La. 


-EROY, LESLIE W., Geol. Dept., Colo. School 


Mines, Golden, Colo. 


-EVINSON, STUART A., Humble Oil and Refin. 


Co., P. O. Box 2180, Houston 1, Tex. 

-EWANDOWSKI, RAYMOND ANTHONY, U.S.G.S., 
Room 325, U.S.N.M., Washington 25, 

-EWIS, JACKSON, Univ. of Florida, P. O. Box 
2393, Gainsville, Fla. 

AMPER, KARL EssLINnGEr, 134 Hilltop Rd., RR 
No. 1, Oxford, Ohio 

INSLEY, ROBERT M., 325 6th St., Traverse 
City, Mich. 

ANTZ, JOSEPH, JR., Kentucky Contract Team, 
Kotak Pog 312, Bandung, Indonesia 

LIPPS, JERI H., 1100 Arbor Dell Rd., Los Ange- 
les 41, Calif. 

AVINGSTON, HAROLD R., 417 Chruch St., Fair- 
banks, Alaska 

OEBLICH, ALFRED RICHARD, JR., Calif. Res. 
Corp., P. O. Box 446, La Habra, Calif. 

OEBLICH, Mrs. HELEN Tappan, Calif. Res. 
Corp., P. O. Box 446, La Habra, Calif. 

.OGAN, BRIAN WARREN, Dept. Ocean. and 
Meter., A and M College of Texas, Col- 
lege Sta., Tex. 

-OKKE, DONALD Henry, Pan Amer. Petro. 
Corp., Box 1410, Fort Worth 1, Tex. 

LOVE, JOHN Davin, U.S.G.S., Geol. Hall, Unis 
Wyoming, Laramie, Wyo. 

oveyoy, P., Shell Oil Co., P. O. Box 1509, 
Midland, Tex. 

ow, Miss Doris Lucite, U.S.N.M., Washing- 
ton 25, D. C. 

-OWENSTAM, HeEtnz A., Calif. Inst. Tec hnology, 
Pasadena, Calif. 

LOWTHER, J. STEWART, Dept. Geol., College of 
Puget Sound, Tacoma, 6, Wash. 

.0Z0, FRANK EpGAR, JR., Shell Oil Co., Inc 
Box 481, Houston 1, Tex. 

-UDBROOK, NELLY Hooper, Dept. Mines, Box 
38, Rundle St. P.O., Adelaide, S. Australia 

-UMSDEN, WILLIAM WatTrT, JR., 723 N. Philadel- 
phia St., Anaheim, Calif. 

UNDELIUS, ERNEST LUTHER, JR., Dept. Geol., 
Univ. Texas, Austin, Tex. 

_UPHER, RALPH L., 1008 W. Sixth St., Los Ange- 
les 54, Calif. 

.utTz, GEORGE C., Shell Oil Co., 1055 Dexter 
Horton Bldg., Seattle, Wash. 


31, Bruxelles, Belgium McA ester, A. LEE, 190 Lawrence St., New 
Haven 11, Conn. 
-EE, ROBERT Epwarp, 1215 Weber Drive, 
Lansing, Mich. see : McCoy, MELVILLE R., Box 403, Casper, Wyo. 
_eepS, HARRIET Der (Miss), 211 Scott Hall, McCrone, Atistarr W., Rm., 920, New York 
Miami Univ., Oxford, Ohio Univ., Washington Sq., New York 3, N. Y. 
Epwarp I., Dept. Geol., Univ. Manitoba, McCutcueon, Vircinta A., Dept. Paleont., 
Winnipeg, Man., Can. Univ. Calif., Berkeley, Calif. 
Matrre, Dorornfér, 13 Rue de Toul, Lille MCFARLAN, ArTHUR C., 155 Jesselin Dr., Lex- 
(Nord), France ington, Ky. 


hay 
| d 
| 
| 
| 
| I 
I 
I 
| 
| 
4 
| 
| 
| 
I 
I 
& 


648 


McGLAMERY, WINIFRED, State Geol. Surv., 
University, Ala. 

McIver, Monroe A., 
town, N. Y. 

McKee, Epwin DINwIppiE, 
Center, Denver, Colo. 

McKenna, Matcoim C., Dept. Geol. and Pa- 
leont., A.M.N.H., Central Park West at 
79th St., New York 24, N. Y. 

McLaren, Dicsy J., Geol. Sur. of Canada, 
Dept. Mines and Tech. Surv., Ottawa, 
Can. 

McLean, JAMEs D., JR., P. O. Box 916, Alex- 
andria, Va. 

McLAUGHLIN, ROBERT 
and Geog., Univ. 
Tenn. 

McNair, ANDREW H., Dept. Geol., Dartmouth 
College, Hanover, N. H. 

McTavish, Rospert ALEXANDER, Uniy. W. 
Australia, Geol. Dept., Crawley, W. Aus- 
tralia 

MacAcpin, ArcHiE J., College of Sci., Univ. 
Notre Dame, Notre Dame, Ind. 

MacDonaLb, JAMES REID, 316 
Boise, Idaho 

MacGinitige, Harry D., 2331 Atlas Peak Rd., 
Napa ,Calif. 

MackeE, WILLIAM BERNARD, 940 Petroleum Club 
Bldg., Denver 2, Colo. 

MAcCNEAL, DONALD LEVERNE, 852 S. Main St., 
Towanda, Pa. 

MacNet, F. STEARNS, 
Menlo Park, Calif. 

MADENWALD, KENT A., Univ. N. Dakota, Univ. 
Sta., Grand Forks, N. D. 

MADSEN, JAMES H., Jk., 4120 S. 3340 East, 
Salt Lake City, Utah 

MALDONADO-KOERDELL, MANUEL, Culiacdn, 74, 
Mexico 11, D. F., Mex. 

Mattory, NEIL S., 1070 Cinderella Dr., Reno, 
Nev. 

V. STANDISH, Dept. Geol., Univ. 
Washington, Seattle 5, Wash. 

Mamay, SeErGIus Harry, U.S.G.S., Washington, 
25, B.C. 

MANLEY, FREDERICK HARRISON, JR., School 
Geol., Univ. Okla., Norman, Okla. 

MARIANOS, ANDREW W., Humble Oil 
Refin., Co., Box 1196, Newhall, Calif. 

Mason, Davin, Geol. Dept., Univ. Western 
Ontario, London, Ont., Can. 

MATTHEWs, WILLIAM Henry, III, Dept. Geol., 

Lamar State College of Tech., Beaumont, 

Tex. 

Maxson, JOHN 5335 Montview Blvd., 
Denver 7, Colo. 

Maync, Compagnie d’Exploration Pe- 
troliere, 76, Grand Rue Chambourcy (Seine- 
et-Oise), Paris, France 

MEADE, ROBERT FRANCIS, 4069 Venice Blvd., 
Apt. 7, Los Angeles, Calif. 

MeapbeE, Wane, 158 Peach, St., Ruston, La. 

MELENDEZ, BERMUDO, Francisco Navacerrada, 
10, Madrid, Spain 

Me tik, JAMes C., Mus. of Paleont., Univ. of 
Mich., Ann Arbor, Mich. 


12 Main St., Coopers- 


U.S.G.S., Fed. 


EVERETT, Dept. Geol. 
Tennessee, Knoxville, 


Ave. “D,” 


345 Middlefield Rd., 


and 


SOCIETY RECORDS AND ACTIVITIES 


MELLEN, F. 
Miss. 

MELLO, JAMES FRANCIS, 616 Whalley Ave., New 
Haven, Conn. 

MENCHER, ELy, Dept. Geol. and Geophysics, 
M.I.T., Cambridge 39, Mass. 

MEREDITH, ROBERT EUGENE, Box 36, Hanover, 
Ind. 

MERRIAM, CHARLES W., 601 19th St., N. W., 
Washington 6, D. C. 

MERRILL, CHARLES WHITE, JR., Box 52 College, 
Alaska 

MEsSINA, ANGELINA, 
York 24, N. Y. 

MeYERHOFF, Howarp A., 5417 Mohican 
Glen Echo Hgts., Washington 16, D. C 

Mippour, ELpRIDGE S., S. Texas Strat. Service, 
313 Wilson Bldg., Corpus Christi, Tex. 

MILITANTE, PRISCILLA J., Geol. and Geog., Univ. 
of the Philippines, Diliman, Rizal, Philip- 
pines 

MILLER, ARTHUR K., Dept. Geol., State Univ. 
lowa City, lowa 

HALsey WILKINSON, JR., Dept. Geol., 
Univ. Arizona, Tucson, Ari. 

MILLER, ROGER GLENN, 8219 
Bethesda 14, Md. 

Minow, E. Dean, 2560 Raymell Dr., San Diego 
11, Calif. 

MINSHEW, VELON H., Dept. Geol., Univ. Ne- 
braska, Lincoln, Neb. 
MOHAN, KRISHNA, Kailash, 

Lucknow, India 

MonGIN, DENISE, 9 Rue de Mezieres, 
France 

Monk, WILFRED J., Ohio Oil Co., 
ney, Neb. 

Moore, JAMEs R., III, Texas Co. Res. Lab., 
Box 425, Bellaire, Tex. 

Moore, RAyMoND C., 1640 Stratford Rd., Law- 
rence, Kan. 

Moore, WAYNE ELDEN, P. 
cola, Fla. 

MoreMan, W. L., Mobil Oil Co., 110 Sixteenth 
St., Denver 2, Colo. 

Morris, ROBERT Wynn, Arabian Amer. Oil Co., 
Box 2576, Dhahran, Saudi Arabia 

MUELLER, Bruce E., 6733 Forest 
Rockford, II. 

MUELLER, KLAus, Institut fur Geologie, Tech- 
nische Universitat, Hardenbergstrasse 34, 
Berlin, Charlottenburg 2, Germany 

MULLER, SIEMON W., Box 5846, Stanford, Calif. 

Mumma, MartTIN DaLe, 224 Spaatz Ct., Self- 
ridge Air Force Base, Mich. 

Munsey, Gorpon Atlantic Refin. Co., 
P. O. Box 1408, O.C.S., Lafayette, La. 
Murpuy, Micwaet A., Div. Phy. Sci., Univ. 

Calif., Riverside, Calif. 

Murray, GROvER E., School Geol., Louisiana 
State Univ., Baton Rouge, La. 

Myers, DONALD ARTHUR, Room 1328, Bldg. 25, 
Federal Center, Denver 2, Colo. 


F., P. O. Box 2584, West Jackson 7, 


Rose, A.M.N.H., New 


Rd., 


Custer Rd., 


Sarojini Naidu, 
Paris 6, 


Box 39, Sid- 


O. Box 510, Pensa- 


Hills Rd., 


NADEAU, Betty (Mrs. E. H.), c/o 
Socony Mobil Oil Co., Inc., Engr. Dept., 
150 E. 42nd St., New York 17, N. Y 


| 
| : 
| 
| 
| 
| 
| 
| 
| 
| 
” 
| 
| 
| 
| 
| 
if 
| 
| 
| 
| 
| 
16 
| 
| 
4 


SOCIETY RECORDS AND ACTIVITIES 


NAGAPPA, YEDATORE, c/o Mr. N. N. G. Krishna 
Iyengar, No. 10 Third Cross Rd., Shanka- 
rapura, Bangalore 4, India 

NAPOLI, ENRICO DE, Corso Vittorio Emanuele 21, 
Rome, Italy 

NeEBEL, Mrs. Lynn Davis, 5044 W. Munising 
Ave., Munising, Mich. 

Nevson, CLEMENS A., Geol. Dept., Univ. Calif., 
Los Angeles, Calif. 

NeELY, JosepH, 1215 S. Orange Grove Blvd., 
Pasadena, Calif. 

Nevson, ELMER R., Milwaukee Public Mus., 
818 W. Wisconsin Ave., Milwaukee 3, Wis. 

NELSON, KATHERINE FIELDING GREACEN, 2569 
N. Wahl, Milwaukee 11, Wis. 

Netson, Ltoyp A., Texas Western College, El 
Paso, Tex. 

NELSON, SAMUEL JAMES, Dept. Geol., 
Alberta, Edmonton, Alberta, Can. 

NEWMAN, RoBERT BALLIN, Room 338, U.S.N.M. 
(U.S.G.S.), Washington 25, D. C. 

NEWELL, NorMAN D., A.M.N.H., New York 24, 


Univ. 


Nico.t, Davip, Dept. Geol., Southern Illinois 
Univ., Carbondale, Ill. 

NosLe, JAMES EvGENE, 3404 N. W. 19, Okla- 
homa City, Okla. 


NorDENG, STEPHAN C., Dept. Geol., Mich. 
lech., Houghton, Mich. 
NorrorpD, BRIAN SEELEY, Geol. Sur. Can., 


Booth St., Ottawa, Ont., Can. 
Norris, ARNOLD WILLY, Geol. Sur., Can., Room 
112, Museum Bldg., Ottawa, Ont., Can. 
NortTurup, STUART A., Univ. of New Mexico, 
Albuquerque, N. M. 

NusBpauM, WILLIAM, 65 Gratton St., Harrison- 
burg, Va. 

NYGREEN, Pau W., Stan. Oil Co. of Texas, Box 
2766, Amarillo, Tex. 


O'Gara, WILLiAM THoMAs, 2231 Hurley Ave., 
Fort Worth 4, Tex. 

OKULITCH, VLADIMIR JOSEPH, Dept. Geol. and 
Geog., Univ. British Columbia, Vancouver, 
B.C., Can. (Zone 8) 

DEOLIVEIRA, PAULO ERICHSEN, Divisao de 
Geologic e Mineralogia, Depto. da Prod. 
Mineral, Avenida Pasteru, 404, Praia Ver- 
melha, Rio de Janeiro, Brazil 

Oxiver, A., JR., 338 U.S.N.M., Wash- 
ington 25, D.C. 

Otson, EArt PARKINSON, 2833 Marilyn Dr., 
Ogden, Utah 

AXEL A., 
Gables, Fla. 

Ormiston, ALLEN RoGer, Dept. Geol., Harvard 
Univ., Cambridge 38, Mass. 

OsGoop, RICHARD GROSVENOR, JR., Dept. Geol., 
Univ. Cinn., Cincinnati, Ohio 

PacKARD, Eart L., 235 Waverley St., Palo Alto, 
Calif. 

PALMER, ALLISON RALPH, Room 338 U.S.N.M., 
Washington 25, D. C. 

PALMER, Mrs. KATHERINE VAN WINKLE, 206 
Oakhill Rd., Ithaca, N. Y. 

Parks, JAMES MARSHALL, JR., Pure Oil Co., 
Res. Center, Crystal Lake, III. 


1906 Ferdinand St., Coral 


649 


PARSLEY, RONALD LEE, 3502 Clifton, Cincinnati 
20, Ohio 

Peck, JosepH Howakp, Jr., Mus. 
Univ. Calif., Berkeley 4, Calif. 

Peck, RayMonpb E., Swallow Hall, Univ. Mis- 
souri, Columbia, Mo. 

PEDERSON, SELMER LANE, Amer. Overseas Petr. 
(Spain) Ltd., Avenida Del Generalisimo 35, 
Madrid, Spain 

Pees, SAMUEL T., Paria Operations, Inc., Apar- 
tado 4312, Correos Del Este, Caracas, 
Venezuela, S. A. 

Perkins, Bos F., 5607 Edith St., Houston 36, 
Tex. 

PERKINS, RONALD Deg, Dept. Geol., Indiana 
Univ., Bloomington, Ind. 

Perry, THomMaAs GREGORY, Dept. Geol., Indiana 
Univ., Bloomington, Ind. 

PERRY, WILLIAM JAMES, JR., Geol. Dept., The 
United Fuel Gas Co., Charleston 25, W. Va. 

PeESTANA, HAROLD RICHARD, 2 Lawrence St., 
Waterville, Me. 

PETERSON, REX Marion, Shell Oil Co., 2900 
Veterans Hwy., Metairie La. 

PETERSON, ROBERT MARK, 535 E. Dempsey Rd., 
Oxnard, Calif. 


Paleont., 


PETRUNKEVITCH, ALEXANDER, Osborn Zool. 
Lab., Sta., New Haven, Conn. 
PETTYJOHN, WAYNE ArvIN, Dept. Nat. Sci., 


Bradford Jr. College, Bradford, Mass. 

Puitip, GRAEME MAXWELL, Sedgwick Mus., 
Cambridge, England 

Puicurps, Tommy Lege, Henry Shaw School of 
Botany, Washington Univ., St. Louis 5, Mo. 

PHELEGER, FRED B., JR., Scripps Inst. Oceanog- 
raphy, La Jolla, Calif. 

Pierce, Ricuarp Lacy, Richfield Oil Corp., 
Box 147, Bakersfield, Calif. 

PIETSCHKER, HAROLD LeRoy, c/o Pure Oil Co., 
P. O. Box 239, Houston 1, Tex. 

PINCKNEY, WILLIAM CHARLES, JR., Room 338, 
U.S.N.M., Washington 25, D. C. 

Pinto, IrajA DAMIANI, Instituto Ciéncias 
Naturais, Av. Paulo Gama, Porto Alegro, 
Brazil, S. A. 

PLocn, RICHARD ALLAN, 1125 Ferdon Rd., Ann 
Arbor, Mich. 

Poporski, STANISLAW, Univ. of Alaska, P. O. 
Box 12, College, Alaska 

Pou, Erwin R., Horse Cave, Ky. 

PojeTA, JOHN, JR., Dept. Biol. Sci., Univ. Cinn., 
Cincinnati, Ohio 

PoLLock, CHARLEs A., c/o Shell Oil Co. of Can., 
Ltd., Box 186, Edmonton, Alberta, Can. 

PoLuGAR, Morton, c/o Stan. Oil Co. of Calif., 
Western Operations, Inc., Box 278, Oildale, 
Calif. 

Pore, JoHN Keyter, 7400 E. Galbraith Rd., 
Cincinnati 43, Ohio 

PoPENOE, WILLIS PARKISON, Dept. Geol., Univ. 
Calif. at Los Angeles, Los Angeles 24, Calif. 

POTTER, FRANKLIN CARL, San Fernando Valley 
Campus, 18111 Nordhoff St., Northridge, 
~alif. 

PriByL, ALots, Pedoli, Podolska 112, Prague XV, 
Czechosolvakia (CSR) 


fy 

a 

a 

: 

4 


650 


PricE, Don CLaupe, Box 549, Rt. 
Island, Fla. 

PRICE, JOHN WILLIAM, Sk., Franklin and Mar- 
shall College, North Museum, Lancaster, 
Pa. 

Prouty, CHitton Eaton, Dept. Geol., Mich. 
State Univ., East Lansing, Mich. 

Pusey, WALTER CARROLL, 3rd, Dept. Geol., Rice 
Univ., Houston, Tex. 


3, Merritt 


QvuIGLEY, CLAUDE MERLE, JR., Stan. Oil Co. of 
Texas, Box 66247, Fairview Sta., Houston 6, 
Tex. 


RADINSKY, LEONARD B., Geol. Dept., Yale Univ., 
New Haven, Conn. 

RAGAN, WENDELL J., Physical Sci. Bldg., Univ. 
S. Florida, Tampa, Fla. 

RAINWATER, Mrs. E. H., 
Houston 36, Tex. 

RAMSDELL, ROBERT COLE, Geol. Dept., Williams 
College, Williamstown, Mass. 

RASETTI, FRANCO, Dept. Physics, The Johns 
Hopkins Univ., Baltimore, 18, Md. 

RASMUSSEN, GERALD ELMER, Schermerhorn 
Hall, Columbia Univ., New York 27, N. Y. 

Rau, WELDON WILLIs, Dept. Conservation, Dir. 
Mines and Geol., 335 Gen. Adm. Bldg., 
Olympia, Wash. 

Raup, Davip Matcotm, Dept. Geol., Johns 
Hopkins Univ., Baltimore 18, Md. 

RAYMOND, RICHARD Howarp, Dept. 
Univ. Texas, Austin 12, Tex. 

RAYMOND, WILLIAM Henry, II, 22 
St., Oxford, Ohio 

REED, M. Dorotny, Rt. 2, Box 261, Sebastian, 
Fla. 

REEDS, CHESTER A., P. O. 
N. Y 


926 Renwick Dr., 


Geol., 


E. Walnut 


Box 142, Ghent, 

REGER, RicHARD Davin, Box 447, College, 
Alaska 

REGNELL, GERHARD, Paleontologiska Instituti- 
onen, Lund, Sweden 

REHDER, HAROLD A., U.S.N.M., Washington 25, 
p.c. 

REICHERT, WILLIAM Henry, 306 Maple Park, 
Olympia, Wash. 

REIMANN, IRVING GEORGE, Univ. Museum, Univ. 
Michigan, Ann Arbor, Mich. 

REINHART, PHILIP WINGATE, 72 
Denver 20, Colo. 

REINHART, Roy HERBERT, Dept. Geol., Miami 
Univ., Oxford, Ohio 

Reso, ANTHONY, Dept. Geol., Amherst College, 
Amherst, Mass. 

RHOADS, DONALD CAVE, 413 S. 2nd W., Mt. Ver- 
non, lowa 

Riccio, JOSEPH FRANK, 612 Elden Ave., Whit- 
tier, Calif. 

Rico, Mark, Dept. Geol., Univ. N. 
Grand Forks, N. D. 

RICHARDS, EpwArD F., Dept. Geol., Univ. Ala- 
bama, Box 1945, University, Ala. 

RICHARDS, HORACE GARDINER, Acad. Nat. Sci., 
19th and The Parkway, Philadelphia 3, Pa. 

RICHARDSON, EUGENE STANLEY, JR., Chicago 


Jasmine St., 


Dakota, 


SOCIETY RECORDS 


AND ACTIVITIES 


Nat. Hist. Mus., Roosevelt Rd., Chicago 5, 
ll. 

RICKARD, LAWRENCE V., Room 442, N. Y. State 
Museum, State Education Bldg., Albany 1, 


Rickwoop, FRANCIS KENNETH, Sinclair and 
B. P. Explor., 600 Fifth Ave., New York 
20, N. Y. 

Ricsy, J. Pan Amer. Petro., Bentall 
Bldg., 444 7th Ave., S.W. Calgary, Alberta 

RIGNEY, HAROLD WILLIAM (Rev.), San Carlos 
Univ., Cebu City, Philippines 

RIsLEY, GEORGE A., Calif. Res. Corp., Box 446, 
La Habra, Calif. 

RIVERA, ROSALVINO, 
Lima, Peru, S. A. 

RIVEROLL, Davip D., Continental Oil Co., 1137 
Wilshire Blvd., Los Angeles 17, Calif. 

ROBBINS, WILLIAM Henry, III, Swallow 
Univ. of Missouri, Columbia, Mo. 

ROBINSON, GERALD Bert, Jr., C-17 Wy 
Village, Provo, Utah 

ROBISON, RICHARD ASHBY 
Ave., Austin, Tex. 

Roppa, PETER tsse, Bur. Econ. Geol., Univ. 
Texas, Austin 12, Tex. 

RODRIGUEZ, JOAQUIN, Dept. Geol. and Geog., 
Hunter College, Bedford Park, Blvd. West, 
New York 68, N. Y. 

ROELLIG, HAROLD FREDERICK, 28-27 215th St., 
Bayside 60, N. Y. 

ROGER, JEAN, Service d'Information Geologique, 
B.R.G.G.M., 74 rue de la Federation, Paris 
XV, France 

ROGERS, KENNETH JOSEPH, Parkview Terr., 148 
Westchester Dr., Lafayetts, La. 

ROLLINS, HAROLD Bert, R.D. 2, Hamilton, N. Y. 

Romer, A. S., MCZ, Harvard Univ., Cambridge, 
38, Mass. 

Root, Towner B., P. O. Box 272, Winter Park, 


Ross, 


Almirante Guisse 1815, 


Hall, 


View 


4005 Maplewood 


3351, Univ. Sta., Gaines- 


a. 

ARNOLD, Box 
ville, Fla. 

Ross, Mrs. JuNE R. P., 


Strat. and Areal Geol 

Branch, Illinois State Geol. Surv., Urbana, 
Ill. 

Ross, RUEBEN JAMES, JR., Paleont. and Strat 
Branch, U.S.G.S., Federal Center, Denver, 
Colo. 

Rossouw, P. J., Geol. Surv. of Union of So. 
Africa, Box 401, Pretoria, Transvaal, S. 
Africa 

ROTHWELL, W. THOMAs, 
Long Beach 5, Calif. 

Rouse, GLENN EVERETT, Dept. Biol. and Botany, 
Univ. Brit. Columbia, Vancouver, 8, B. C. 

ROWELL, ALBERT JOHN, Dept. Geol., Notting- 
ham, England 

Royo y Gémez, José, Apartado 4585-Este, Ca- 
racas, Venezuela 

RUSSELL, ERNEST EVERETT, 
College, Miss. 

Russet, Loris, S., Zool. Div., Nat. Museum of 
Canada, Dept. of Resources and Develop., 
Ottawa, Can. 


5900 Cherry Ave., 


Box 131, State 


= 
ia 
a 
3 
4 
4 
i 
4 


RutH, Joun W., 501 Rosemarie Dr., Arcadia, 
Calif. 

Rutscw, R. F., 
(Switzerland) 

RYNIKER, CHARLES, Gulf Oil Co., Gypsy Div., 
Box 661, Tulsa 2, Okla. 


Melchenbuhlweg 75, Bern 


St. JEAN, JOSEPH, JR., Dept. Geol. and Geog., 
Univ. N. Carolina, Chapel Hill, N. C. 
SACHS, KELVIN NORMAN, JR., Geol. Dept., Univ. 
Fla., Gainesville, Fla. 

SADLICK, WALTER, Dept. Geol., 
Coll., Pocatello, Idaho 

SALMON, ELEANOR SEELY (Miss) ok Dr., 521 
W. 112th St., New York 25, N. Y. 

SANDER, Nestor J., Oasis Oil Co. of Libya, Box 
377, Tripoli, Libya 

SANDBERG, OSCAR ALBERT, Ashland, Neb. 

SANDERS, JOHN EsstinGTon, 2161 Yale Sta., New 
Haven, Conn. 

SANDERSON, GEORGE ALBERT, JR., Shell Oil Co., 
box 1509, Midland, Tex. 
SANDIDGE, JOHN R., Mobil Oil Co., Box 2289, 
Corpus Christi, Tex. 
Sanpo, J., Room 
Washington 25, D. C. 
SANFORD, JOHN THERON, Dept. Geol., Wayne 
Univ., Detroit 1, Mich. 

SARTENAER, PAUL, Sous-Directeur de Labora- 
toire, Institut royal des Sciences naturelles 
de Belgique, 31, rue Vautier, Bruxelles 4, 
Belgium 

Saas, B., 
Alfred, N. Y. 

SAUERS, JACK DouGLAs, 8816 Aurora, Seattle 3, 


Idaho State 


338, U.S.N.M., 


Alfred Univ., Box 1193, 


Wash 

SauL, Lou E. Rankin, Geol. Dept., Univ. 
Calif., Los Angeles 24, Calif. 

SAUNDERS, JOHN BaAverstock, Geol. Lab., 


Texaco Trinidad, Inc., Point-A-Pierre, Trini- 
dad, B.W.1. 

SCHELL, W. W., Prod. Res. Labs., 
Texas (Sun Oil Co.) 

ScHEMEL, MArtT Puitip, Shell Develop. Co., 
lech. Serv. Div., 3737 Bellaire, Houston 25, 
Tex. 

SCHENCKER, MAX Orto, Eschen 317, Fursten- 
tum, Liechtenstein 

SCHEVILL, WILLIAM E., 
Cambridge 38, Mass. 

SCHLAIKJER, ERICH MAREN, Lakata Petro. Corp., 
830 Petroleum Club Bldg., Denver 2, Colo. 

ScuMiIpT, HERMAN, Planckstr. 6, Géttingen, 
Germany 

ScHMIDT, HrERTA, Senckenberg Mus., Sencken- 
berg-Anlage 25, Frankfurt a.M., Germany 

SCHMIDT, WOLFGANG, Krefeld, Westwall 124, 
Geologisches Landesamt, Germany 

Scuoiz, Miss Satty Ann, 4709 Mineral Point 
Rd., Madison, Wis. 

Scnopr, JAMES M., U.S.G.S. Coal Geol. Lab. 
Orton Hall, Ohio State Univ., Columbus, 
Ohio 

ScurotTt, Ropert 1624 The Alameda, Apt. 

39, San Jose, Calif. 


Richardson, 


MCZ, Harvard Univ., 


SOCIETY RECORDS AND ACTIVITIES 


651 


SCHULTz, CHARLES BERTRAND, Univ. Neb. State 
Mus., Lincoln 8, Neb. 

SCHULTZ, GERALD EpWARD, 615 Oswego St., 
Ann Arbor, Mich. 

ScHuLtz, E., 1825 19th St., Bakersfield, 
Calif. 

Scott, Darcy, Lon, Univ. Brit. Columbia, Dept. 
Geol., Vancouver 8, B. C. 

Scott, HAROLD WILLIAM, 244 Nat. Hist. Bldg., 
Univ. Illinois, Urbana, III. 

Scott, WILLARD F., Dept. Geol., Washington 
State Univ., Pullman, Wash. 

SEILACHER, ADOLF, Senckenberg-Anlage 32, 
Frankfurt am Main, West Germany 

SEVON, WILLIAM Davin, 110 W. Kirby, Cham- 
paign, III. 

SHAFFER, BERNARD, 2631 Mossman St., Wichita, 
Kan. 

SHAVER, ROBERT HAROLD, Geol. Surv., Indiana 
Univ., Bloomington, Ind. 

SHaw, ALAN B., 3515 Holland St., Wheat Ridge, 
Colo. 

SHAW, FREDERICK CARLETON, 
Univ., Cambridge, 38, Mass. 

SHaw, WILLIAM G., Sun Oil Co., 503 N. Central 
Expressway, Richardson, Tex. 

SHOTWELL, J. Arnold, Mus. Nat. Hist., Univ. 
Oregon, Eugene, Ore. 

SHIMER, HERVEY W., 42 Cottage St., Hingham, 
41ass. 

SHROCK, ROBERT R., 24-302 M.1.T., Cambridge 
39, M 

HERTHA,  Reichenberger 
Strase 12, Stuttgart-Méhringen, Germany 

SILBERLING, NORMAN JOHN, U.S.G.S., 345 Mid- 
dletield Rd., Menlo Park, Calif. 

Simpson, Georce G., MCZ, Harvard 
Cambridge 38, Mass. 

SINCLAIR, GEORGE WINSTON, Geo. Surv. Can., 
Victoria Museum, Ottawa, Can. 

SKEELS, Miss MARGARET ANNE, P. O. Box 315, 
Ann Arbor, Mich. 

SKINNER, Hupert C., Dept. 
Univ., New Orleans 18, La. 

SKINNER, Morris F., Frick Laboratories, 
A.M.N.H., New York 24, N. Y. 

SKVARLA, JOHN J., Sun Oil Co., 503 N. Central 
Expressway, Richardson, Tex 

SLoss, LAURENCE L., Dept. Geol., Northwestern 
Univ., Evanston, Ill. 

SMEDLEY, JOHN ELwoop, 7418 Jervis St., N. 
Springfield, Va. 

SMILEY, CHARLES J., Geol. Dept., Macalester 
Coll., St. Paul 5, Minn 

SmitH, ALAN BARRETT, 
Seattle 3, Wash. 

SMITH, BERNICE YOUNG, 3192 Del Verde Ave., 
Salt Lake City 9, Utah 

SmitH, Epwarp S. C., Box 811, State College, 
Pa. 

SMITH, JANE E. INcu, Dept. Geol., Mich. State 
College, East Lansing, Mich. 

SmitH, LEE ANDERSON, Geol. Dept., Stanford 
Univ., Stanford, Calif. 

SmitH, MARVIN L., Shell Oil Co., Box 2099, 

Houston, Tex. 


MCZ, 


Harvard 


ass. 


Univ., 


Tulane 


Geol., 


6410 E. Greenlake, 


4 
ie 
4 
j 
‘ 
; 
ure 
4 | 
& 


652 


SMITH, RAYMOND Newton, 116 Perrin, Ypsi- 
lanti, Mich. 

SMITH, Miss Roperta K., Dept. Geol., Univ. 
Brit. Columbia, Vancouver, B.C., Can. 
SOHN, ISRAEL GrEGOrY, U.S.N.M., Washington 

SOLLE, GERHARD, Inst. fiir Geologie und Tech- 
nische Gesteinkunde, Technischen Hoch- 
schule, Alexanderstr. 24, Darmstadt, Ger- 
many 

SOUTHWORTH, CHARLES H., Box 151, Thedford, 
Ont., Can. 

SPEED, CARLETON D., Jk., 711 Houston Club 
Bldg., Houston, Tex. 

SPIEKER, EpMUND M., 4793 Olentangy Blvd., 
Columbus 14, Ohio 

SPIVEY, RoBpert CHARLES, Shell Oil Co., 1008 
W. 6th St., Los Angeles, Calif. 

SPJELDNAES, NILS, Institutt for Geologi, avd. C, 
Blindern, Oslo 45, Norway 

SPRENG, ALFRED Car, Dept. Geol., Missouri 
School of Mines, Rollo, Mo. 

SQUIRES, DONALD FLEMING, A.M.N.H., Central 
Park West and 79th St., New York 24, N. Y. 

STANLEY, DONALD ALvora, 1011 E. 6 S., Salt 
Lake City 2, Utah 

STANLEY, Epwarp A., Pan Amer. Petro. Corp., 
Research Center, P. O. Box 591, Tulsa 2, 
Okla. 

STEARN, COLIN WILLIAM, Dept. 
McGill Univ., Montreal, Quebec 

STEELE, GRANT, Gulf Lab., 6901 W. Lakewood 
Pl., Denver, Colo. 

STEHLI, FRANCIS GREENOUGH, Dept. Geol., 
Western Reserve Univ., Cleveland 6, Ohio 

STELCK, CHARLES RICHARD, Dept. Geol., Univ. 
Alberta, Edmonton, Alta. 

STENSAAS, LARRY JOE, Aptdo. 3295 Cuba Calif. 
Oil Co., Havana, Cuba 

STENZEL, HENRYK BRONNILAW, 3726 Colquitt, 
Houston 6, Tex. 

STEPHENS, JOHN JAMEs, III, Dept. Geol., Ohio 
State Univ., 155 S. Oval Dr., Columbia 10, 
Ohio 

STEPHENSON, CUTHBERT 
Denver 7, Colo. 

STEPHENSON, LLoyp W., 113 Superior St., Dover, 
Ohio 

STEPHENSON, Morton Bayarpb, Stanolind Oil 
and Gas Co., Box 591, Tulsa 2, Okla. 

STEVENSON, ROBERT Evans, Dept. Geol., State 
Univ. S. Dakota, Vermillion, S. D. 

STEWART, GRACE A., 1315 E. Adams St., Tucson, 
Ariz. 

STEWART, ROBERT HARRY, Box 
Heights, Panama Canal Zone 

StrrToON, R. A., Univ. of Calif., Berkeley 4, Calif. 

STOCKDALE, Paris B., Dept. Geol., Univ. Tennes- 
see, Knoxville, Tenn. 

STOCKER, JOSEPH, JR., 690 N. Bend Rd., Cincin- 
nati 24, Ohio 

STONE, BENTON, c/o Inter. Petro. (Colombia) 
Ltd., Aptdo Aereo 3533, Bogota, Colombia, 
S.A. 


Geol. Sci. 


2805 Holly St., 


205, Balboa 


STONE, DWAYNE Davip, Geol. Univ. 


Utah, Salt Lake City, Utah 


Dept., 


SOCTETY RECORDS AND ACTIVITIES 


Stout, THOMPSON MyLan, Dept. Geol., Univ. 
Nebraska, Lincoln 8, Neb. 

STOVER, Lewis E., Jersey Prod. Res. Co., 1133 
N. Lewis, Tulsa, Okla. 
StToyaANow, ALEXANDER, Dept. 

Calif., Los Angeles 24, Calif. 

STRAUSS, PETER, 3447 DeKalb Ave., New York 
67, N. Y. 

STUBBS, SYDNEY ALTON, Box 1624, Houston 1, 

ex. 

STUCKEY, CHARLES WAINWRIGHT, JR., Union 
Oil Co. of Calif., 800 Prudential Bldg., 
Houston 25, Tex. 

STUMM, ERWIN CHARLES, Mus. of 
Univ. Mich., Ann Arbor, Mich. 

STURGEON, Myron Tuomas, Dept. Geol., Ohio 
Univ., Athens, Ohio 

SULLIVAN, RAYMOND, c/o Shell Oil Co. of Can- 
ada, Ltd., P. O. Box 100, Calgary, Can. 

SUMMERSON, CHARLES HENRY, Dept. Geol., 
Ohio State Univ., Columbus 10, Ohio 

SusukI, TAKEO, Dept. Geol., Univ. Calif., Los 
Angeles 24, Calif. 

SUTHERLAND, Patrick K., School Geol., Univ. 
Okla., Norman, Okla. 

SuTTON, RoBertT GeorGE, Dept. Geol., Univ. 
Rochester, University Sta., Rochester 3, N. Y. 

SWAIN, FREDERICK M., Dept. Geol., Univ 
Minneapolis 14, Minn. 

SWANN, Davip Henry, Ill. State Geol. Surv., 
Nat. Res. Bldg., Urbana, Ill. 

SWARTZ, FRANK M., 110 Mineral Science, Penn. 
State Univ., University Park, Pa. 

SWEET, WALTER C., Dept. Geol., Ohio State 
Univ., Columbus 10, Ohio 

SYKES, DONALD WINDsOR, 1309 12th St., Saska- 
toon, Saskatchewan, Can. 

SYLVESTER, ROBERT KILBURN, The Texas Co., 
P. O. Box 252, New Orleans 9, La. 

SYLVESTER-BRADLEY, Peter Colley, Dept. Geol., 
The University, Leicester, England 

Szmuc, EUGENE JosEepH, 8370 Wallings Rd., 
North Royalton, Ohio 


Geol., Univ. 


Paleont., 


TALENT, JOHN ALFRED, 114 The Boulevard, 
Essendon, W. 5, Victoria, Australia 

TANNER, TYRELL NATHAN, Oakley, Idaho 

Tascu, Paut, Dept. Geol., Univ. of Wichita, 
Wichita, Kan. 

TayLor, DwiGHt WILLARD, 338 
Washington 25, D. C. 

TayLor, PETER WALTER, Caracas Petro., S. -\., 
Apt. 89, Caracas, Venezuela, S. A. 

PAYLOR, RONALD SHEARER, 705 N. Central Ave., 
Campbelleville, Ky. 

TEICHERT, Curt, Fuels Branch, U.S.G.S., Fed. 
Center, Denver, Colo. 

TERMIER, HENRI, 131, av. de Versailles, Paris 
15, France 
TESMER, [RVING H., 
THALMANN, Hans E., P. O. Box 1978, Stanford, 

Calif. 
Tuomas, Horace I., Univ. Wyoming, Laramie, 
Wyo. 


U.S.N.M.., 


127 Fayette Ave., Buffalo 


& 
4 
4 
a 
a 
© 
4 
a 
| 
4 
4 vie 
q 
4 
; 


lHOMAS, JOHN JENKS, 150 Meadowbrook Rd., 
Weston 93, Mass. 

PHOMAS, NORMAN Louts, 1350 N. Lake Shore 
Dr., Chicago 10, IIL. 

THOMPSON, Marcus LuTHER, State Geol. Surv., 
Univ. Illinois, Urbana, 
Tice, WARREN KIMBALL, United Aircraft Corp., 
Research Lab., East Hartford 8, Conn. 
TILLMAN, CHAUNCEY GLENN, Dept. Geol. Sci., 
Virginia Polytechnic Inst., Blacksburg, Va. 
(P. O. Box 131) 

PISCHLER, HERBERT, Dept. Earth Sci., Northern 
Ill. Univ., DeKalb, Il. 

Topp, MARGARET RutH, 303 U.S.N.M., Wash- 
ington 25, D. C 

Topp, RoBERT GEORGE, Humble Research Cen- 
ter, 3120 Buffalo Speedway, Houston, Tex. 

ToLLey, P., Jr., 701 Walnut Ave., 
Syracuse 10, N. Y. 

loots, HEINRICH A., Dept. Geol., Univ. Wyo- 
ming, Laramie, Wyo. 

TouLMIN, LyMAN Dr., Jr., Dept. Geol., Fla. 
State Univ., Tallahassee, Fla. 

Roscor MANVILLE, c/o Humble Oil 
and Refining Co., 610 High St., Eugene, 


Ore 

lozer, Epwarp Timotuy, Geol. Surv. Can., 
Dept. Mines and Tech. Surveys, Ottawa, 
Can. 


PRAVERSE, ALFRED, Expl. and Prod. Res. Div., 
Shell Develop. Co., Box 481, Houston 1, 
Tex. 

PREXLER, Davip WILLIAM, Dept. Geol., Colo. 
Sch. Mines, Golden, Colo 

[RUMBELL, ELLEN JAMeEs, 345 Middlefield Rd., 
Menlo Pk., Calif. 

Purco, CAROLINE ANN, 799 Secaucus Rd., Jersey 
City 7, 

TURNER, FRANCIS 
Arcadia, Calif. 

PUTHILL, SAMUEL J., 
Forks, N. D. 

Howarp, 215 Observatory 
Ann Arbor, Mich. 


EarL, 421 Magellan Rd., 


32 Swarthmore Dr., Grand 
UspaGus, GEORGES JEAN CHARLES, Université, 


Institut de Paléontologie, 7 Place du Vingt- 
Aout, Liége, Belgium 


U_mer, JoserH W., Jr., 1639 Oxford Ave., 
Berkeley 9, Calif. 
UNKELSBAY, ATHEL GLypDE, 210 Swallow Hall, 


Univ. Missouri, Columbia, Mo. 

UpsHaw, CHARLES FRANCIS, Pan Amer. Petro. 
Corp., Research Center, Box 591, Tulsa, 
Okla. 

UTGAARD, JOHN, Dept 
Bloomington, Ind. 

Uyeno, THomMas TApDASHI, Sec. Strat. Paleont., 
Geol. Surv. Canada, Ottawa, Ontario, Can. 


Geol., Indiana Univ., 


VALENTINE, JAMES WILLIAM, 103 Swallow Hall, 
Univ. Missouri, Columbia, Mo. 

VANSANT, JAN FRANKLIN, Dept. Geol., Univ. 
Kansas, Lawrence, Kan. 

VaNnTuyt, Francis M., 1207 16th St., Golden, 
Colo. 


SOCIETY RECORDS AND ACTIVITIES 


653 


VAUGHN, PETER PAuwL, Dept. Zool., Univ. Calif., 
Los Angeles 24, Calif. 

VERVILLE, GEORGE J., Pan Amer. Petr. Corp., 
Casper, Wyo. 

Vokes, HArRoL_p ErRNeEsT, Dept. Geol., Tulane 
Univ., New Orleans 18, La. 

VonpRA, CARL FRANK, 3821 Steele Ave., Lincoln, 
Neb. 


WaAAGE, Kart Menscu, Peabody Mus. Hist., 
Yale Univ., New Haven, Conn. 

WADDELL, DwiGut ERNEsT, Dept. Geol., Univ. 
Okla, Norman, Okla. 

WAGNER, FRANCES JOAN ESTELLE, Geol. Surv. 
Can., Ottawa, Ont., Can. 

Waite, R. HAROLD, Shell Oil Co., 33 Richards 
St., Salt Lake City 1, Utah 

WALGER, ECKART, Institut fiir Geologie Und 
Technische, Gesteinkunde der Technischen 
Hochschule Darmstadt, Alexanderstr., 35 
Darmstadt, Germany 

WALL, JOHN HALLETT, Research Council of 
Alberta, 87th Ave. and 114th St., Edmonton, 
Alberta, Can. 

WALLACE, RAYMOND H., JR., 
Tallahassee, Fla. 

WaNLeEss, HAROLD R., 234 Nat. Hist. Bldg., 
Univ. Illinois, Urbana, II. 

WARREN, Percivaz S., Dept. Geol., Univ. Al- 
berta, Edmonton, Alta., Can. 

WARTHIN, ALDRED Scort, JR., Vassar College, 
Poughkeepsie, N. Y. 

WATERS, JOHN NELSON, 2091 California St., Apt. 
128, Berkeley 3, Calif. 

WATKINS, JACKIE LLoyp, 4616 Western Hills 
Dr. Wichita Falls, Tex. 

WAYLAND-SMITH, ROBERT, 137 Kenwood Ave., 
Oneida, N. Y 

WeartT, RicHarp CLAuDE, Sun Oil Co., 1608 
Walnut St., Philadelphia 3, Pa. 

WEAVER, WILLIAM Ray, Rt. 1, Box 200, Catskill 
x ¥ 


1003 Lucy St., 


WesBers, GERALD FRANK, c/o M. Hart, 1721 
South Lowe St., Appleton, Wis. 

WEIGEL, RoBertT Davip, Dept. Biol., Ill. State 
Nor. Univ., Normal, Il. 

Wetss, LAWRENCE, Inter. 
Peru, S. A. 

WeLLER, J. Marvin, Walker Mus., Univ. Chi- 
cago, Chicago 37, Ill 

WeLLes, SAMUEL PauL, Mus. Paleont., Univ. 
Calif., Berkeley 4, Calif. 

We ts, Dana, Dept. Geol., W. Virginia Univ., 
Morgantown, W. Va. 

WELLs, JoHN West, Dept. Geol., Cornell Univ., 
Ithaca, N. Y. 

WERNER, Courtney, Dept. Geol., Washington 
Univ., St. Louis 5, Mo. 

West, RonaLtp Ropert, Dept. Geol., Univ. 
Kansas, Lawrence, Kan. 

WESTERMANN, GERD ErNsT GEROLD, Mc Master 
Univ., Hamilton, Ont., Can. 

WetTMORE, ALEXANDER, U.S.N.M., Washington 

WHEELER, Harry EvuGENE, Dept. Geol., Univ., 
Washington, Seattle 5, Wash. 


Petro. Co., Talara, 


vA 
= 
§ 
| 
: 


654 


WHItTcoMB, LAWRENCE, Dept. Geol., Lehigh 
Univ., Bethelehem, Pa. 

WHITE, THEODORE E., Dinosaur Nat. 
ment, Box 37, Jensen, Utah 

Wuitney, F. L., 3404 N. Robinson Rd., Tex- 
arkana, Tex. 

WHITTINGTON, HARRY BLACKMORE, MCZ, Har- 
vard Univ., Cambridge 38, Mass. 

WICKENDEN, ROBERT THOMAS DAUBIGNY, Geol. 
Surv. Can., 406 Customs Bldg., Calgary, 
Alta, Can. 

WIGGINS, VIRGIL DALE, 3719 Fleetwood Way, 
Bakersfield, Calif. 
Wites, W., 15 

Grove, N. J. 

WILKIE, LORNA CHRISTINE, 
Tulsa 4, Okla. 

Wituiams, ALwyn, Dept. Geol. Queen's Univ., 
Belfast, N. Ireland 

WILLIAMS, JAMES STEWART, Dept. Geol., Utah 
State Agricultural College, Logan, Utah 

WILLIAMS, MERTON Y., Univ. of Brit. Col., Van- 
couver, British Columbia, Can. 

Witson, CHARLES WILLIAM, JR., Dept. Geol., 
Vanderbilt Univ., Nashville, Tenn. (P. O. 
Box 1591) 

Witson, DEREK WILLIAM RAayMOND, c/o Shell 
Oil Co. of Can., Ltd., P. O. Box 100, Calgary . 
Alberta, Can. 

Witson, Druip, U.S.G.S., Washington 25, D. C. 

Witson, Epwarp Cart, Geol. Dept., Stanford 
Univ., Palo Alto, Calif. 

Witson, EUGENE JACK, 851 S. Josephine St., 
Denver 9, Colo. 

Witson, EVERETT Epwarb, Box 1009, Williston, 
N. D 


Monu- 


Donato Dr., Cedar 


3227 E. 4th 


Witson, FRrANcIs S., Gulf Oil Co. of Libya, Box 
599, Tripoli, Libya 

Witson, James Lee, Shell Oil Co., Expl. and 
Res. Dept., 3737 Bellaire Blvd., Houston 25, 
Tex. 

Witson, Joun ANDREW, 
Texas, Austin 12, Tex. 

Witson, LEONARD RICHARD, Okla. Geol., Surv., 
Norman, Okla. 

Witson, Ricwarp F., 
Wheat Ridge, Colo. 

Witson, ROBERT WARREN, Mus. 
Univ. Kansas, Lawrence, Kan. 

WINDER, CHARLES GorDon, Dept. Geol., Univ. 
Western Ontario, London, Ontario 

WINKLER, Haron J., 817 Locust Ave., Pleasant 
Grove, Utah 

WINKLER, VirGIL DEAN, Geol. Lab., Creole 
Petrol. Corp., Apt. 889, Caracas, Venezuela, 
S. A. 

WInsLow, Mrs. JOHN DurFEE, 65 Edgewood 
Ave., Albany 3, N. Y. 

WINTERS, STEPHEN S., Dept. 
State Univ., Tallahassee, Fla. 

Wore, JACK ALBERT, Dept. Paleont., Univ. 
Calif., Berkeley, Calif. 

Woop, ALBERT ELMER, Dept. Biol., Amherst 
Coll., Amherst, Mass. 

Woop, Pauw A., 4457 University Branch, Tucson, 
Ariz. 


Dept. Geol., Univ. 
9735 W. 36th Ave., 


Nat. Hist., 


Geol., Florida 


SOCIETY RECORDS AND ACTIVITIES 


WoopBukNE, MICHAEL OsGoop, Dept. Paleont., 
Univ. of Calif., Berkeley 4, Calif. 

WoopersoN, LEE ALLEN, Box 241, 
Laramie, Wyo. 

WooDLAND, ROLAND Bert, c/o Shell Oil Co., 
1845 Sherman St., Denver 3, Colo. 

WooprING, WENDELL P., U.S.G.S., Washington 
25, BD. C. 

Wooprow, DoNaLp LAWRENCE, Box 352, Mars, 

Pa. 

WoopsipeE, Epwarp Rerep, 6230 S. 515 E., 
Murray, Utah 

WRIGHT, EDWARD PULTNEY, 281 
Grosse Pte. Farms 30, Mich. 

WriGut, JEAN Davies (Mrs . Epwarp P.), 281 
LaSalle Pi., Grosse Pte. Farms 30, Mich. 

Wricut, Leo M., Sinclair Oil and Gas Co., 
Apartado 1706, Caracas, Venezuela, 


Route 1, 


LaSalle 


YEN, Joun T. C., 4 Lowry'’s Lane, Rosemont, 
Pa. 

YOCHELSON, ELLIs LEON, Room 338, U. S.N.T., 
Washington 25, D. C. 

YOUNG, FREDERICK PENTz, JR., 21 Clarmont 
Ave., Apt. 81, New York 27, N. Y. 

YounG, Keiru, Dept. Geol., Univ. Texas, Austin 
12, Tex. 

YOUNG, ROBERT SPENCER, 113 Bennington Rd., 
Charlottesville, Va. 

YounGguist, WALTER L., P. O. Box 5201, Univ. 
Sta., Eugene, Ore. 

ZELLER, Epwarp J., Dept. Geol., Univ. Kansas, 
Lawrence, Kan. 

ZIEBARTH, HAROLD CLARENCE, Geol., 
Univ. N. Dakota, Grand Forks, N. D. 
ZINGULA, RICHARD PAUL, c/o Humble Oil Co., 

Box 2180, Houston 1, Tex. 
ZULLO, Vicror AuGust, 1644 Oxford St 
Berkeley 9, Calif. 


Dept. 


Apt. 2, 


SUPPLEMENTARY LIST 

ALLEN, DONALD Bruce, 100 E. Monterey St., 
Avenae, Calif. 

ALLISON, RICHARD CASE, Dept. Paleont., Univ. 
Calif., Berkeley 4, Calif. 

BEARD, CHARLES NOBLE, Fresno 
Fresno 26, Calif. 

BERGSTROM, STIG MAGNus, Dept. Geol., Ohio 
State Univ., 125 S. Oval Dr., Columbus 10, 
Ohio 

BERRY, WILLIAM B. N., Dept. Paleont., Univ. 
Calif., Berkeley, Calif. 

BLAKE, DANIEL Bryan, Dept. Geol., 
State Univ., East Lansing, Mich. 
BRADSHAW, LAEL ELy, 2111 Melridge, Austin 4, 

Tex. 

CAMPBELL, CARLYLE, BOWMAN 222 
Buren St., lowa City, lowa 

CEBULSKI, DonaLpD E., Dept. 
Metero., College Station, Tex. 

COHEN, STEPHEN, Dept. Geol., Indiana Univ., 
Bloomington, Ind. 

CoLiins, DEsMoND H., Geol. Dept., State Univ. 
of Iowa, lowa City, lowa 


State Coll., 


Mi h 


S. Van 


Oceano. and 


| 
‘ 
ey. 
| 
4 
ag ‘ 
| 
| 
4 7 
| 
4 
ag. 
: 
| 
| 
“a 
| 
4 
1 
| 
j 
‘ 


SOCIETY RECORDS AND ACTIVITIES 65 


Ents, Davip B., 6635 Pacific Highway, San 
Diego 9, Calif. 

IF ERRIGNO, JAMES P., Dept. Geol., U. S. Nat. 
Museum, Washington 25, D. C. 

FRISON, EUGENE HuBert, 309 Elm St., Saska- 
toon, Can., 

GEISEWITE, CHARLES WAkD, 601 Finkbine Park, 
lowa City, lowa 

Goopwin, PETER WAERRN, 353 S. Park, lowa 
City, lowa 

HART, RIcHARD Royce, 413 S. 2nd St. W., Mt. 
Vernon, lowa 

HENNIGER, BERNARD Ropert, 404 Front St. 
(Box 67), Lowell, Ohio 

HoLDEN, JoHNn Ciinton, 5890 Kelton Ave., 
LaMesa, Calif. 

HORENSTEIN, SIDNEY 5., 3: 12 St., Long 
Island City 6, N. Y. 

LEANZA, ARMANDO FepeErICO, Caseros 159, 
Haedo, Provincia de Buenos Aires, Argen- 
tina, S. A. 

Dr. B., Paleont. and Strat. 
Branch, U.S.G.S., Denver, Colo 

Mounpb, Micuaet CHArLes, Dept. Geol., Indi- 
ana Univ., Bloomington, Ind. 

PETERSEN, Morris Smitu, Dept. Geol., Univ. 
of lowa, lowa City, lowa 

RABCHEVSKY, GEORGE, 2801 Wisconsin Ave. 
N. W., Washington, D. C. 

Rotre, WitttAM Davin lax, MCZ, Harvard 
Univ., Cambridge 38, Mass 

Roy, Epwarp Cart, 520 Stinchcomb Dr., 
Columbus 2, Ohio 

SCATTERDAY, JAMES WARP, 1764 Ridgecliff, 
Dr., Columbus 21, Ohio 

SENGUPTA, BARUN KuMAR, Dept. Geol. and 
Geophysics, Indian Inst. of Tee h., Kharag- 
pur, West Bengal, India 

SINGH, YOGENDRA LaLi, Nepal Bur. of Mines, 
Kathmandu, Nepal 

SORRWAR, MOHAMMED GHOLAM, Dept. Geol., 
Mich. State Univ., East Lansing, Mich 

STEINER, RICHARD JAMES, 503 Ist St. W., Mt. 
Vernon, lowa 

THompson, Jon Louis, Rte. 2, Box 182-A, 
Gainesville, Fla. 

THoms, Ricuarp Epwin, Dept. Paleont., Unis 
Calif., Berkeley 4, Calif. 

WitutiaMs, Donatp Ray, 4502 N. Fresno St., 
Berkelev, Calif. 

Witson, JAMES STANLEY, 2821 Arizona St., Apt 
C, Santa Monica, Calif 

ZieGLerR, WILLt KREFELD, Westwall 124, W. 


Germany 


PROPOSED NEW MEMBERS 


In accordance with Article 3, Chapter 1, of the 
By-Laws of the Paleontological Society, the 
names of new members approved by the council 
are as follows: 

ALLEN, DonaLp Bruce, 100 E. Monterey St., 
Avenae, Calif.: J. Wyatt Durham, Zack M 
Arnold 


ALLISON, Ricuarp Case, Dept. of Paleontology, 


Univ. of California, Berkeley 4, Calif.: J. 
Wyatt Durham, S. P. Welles 

BrearD, CHARLES NOBLE, Fresno State College, 
Fresno 26, Calif.: J. Wyatt Durham, Zack 
M. Arnold 

BERGSTROM, STIG MAGNus, Dept. of Geology, 
The Ohio State Univ., 125 South Oval Dr., 
Columbus 10, Ohio: Walter C. Sweet, A. 
LaRocque 

Berry, WILLIAM BENJAMIN NEWELL, Dept., of 
Paleontology, Univ. of California, Berkeley, 
Calif.: H. B. Whittington, B. Kummel 

BLAKE, DANIEL Bryan, Dept. of Geology, 
Michigan State Univ., East Lansing, Mich.: 
Jane E. Smith, David V. LeMone 

BRADSHAW, LAEL ELy, 2111 Melridge, Austin 4, 
Tex.: Richard H. Raymond, Samuel P. 
Ellison, Jr. 

Brown, GEORGE DONALD, JR., Dept. of Geology, 
Indiana Univ., Bloomington, Ind.: John 
Utgaard, T. G. Perry 

CAMPBELL, CARLYLE BOWMAN, 222 S. Van- 
Buren St., lowa City, lowa: W. M. Furnish, 
Gilbert J. Klapper 

CrEBULSKI, DONALD E., Dept. of Oceanography 
and Meteorology, College Station, Tex.: 
Brian W. Logan 

COHEN, STEPHEN, Dept. of Geology, Indiana 
Univ., Bloomington, Ind.: T. G. Perry, 
John Utgaard 

CoLiins, Desmond H., Geology Dept., State 
Univ. of lowa, lowa City, lowa: Brian F. 
Glenister, Gilbert J. Klapper 

Correr, 657 University Dr., Saskatoon, 
Can.: C. G. Winder, W. G. E. Caldwell 

CorNEJO, JoHN, 1192 Porter Ave., lowa City, 
lowa: B. F. Glenister, W. M. Furnish 

Currey, RoGER JAMeEs, Dept. of Geology, Indi- 
ana Univ., Bloomington, Ind.: John Ut- 
gaard, T. G. Perry 

C. Howarp, 1860 Cresthill Dr., Littleton, 
Colorado: Alan Horowitz, John Chronic 

=NNIS, Davin B., 6635 Pacific Hwy., San Diego 
9, Calif.: E. Dean Milow, M. N. Bramlette 

2VANS, JOHN WILLIAM 643 13 St., Bran- 
don, Manitoba: C. G. Winder, W. G. E. 
Caldwell 

ERRIGNO, JAMES P.. Dept of Geology, 
U.S.N.M., Washington 25, D. C.: Richard 
Cifelli, Doris hoe Low 

“ISHER, WiLtiAM L., Bur. Econ. Geol., Austin 
12, Tex.: Peter U. Rodda, Keith Young 

REY, RICHARE Pau, 10 Ridge Rd., Centralia, 
Ill.: Dorothy J. Echols, Courtney Werner 

“RISON, EUGENE HuBert, 309 Elm St., Saska- 
toon, Can.: C. G. Winder, W. G. E. Cald- 
well 

*RITSCHE, ALBERT EUGENE, 16354 W. 108th 
St., Los Angeles 47, Calif.: N. Gary Lane, 
W. P. Popenoe 

Furain, Apputaziz A., Box 9353, University 
Station, Reno, Nev.: O. H. Haas 

GEISEWITE, Charles Ward, 601 Finkbine Park, 
lowa City, lowa: Brian F. Glenister, W. M. 
Furnish 

GoopwIin, PETER WARREN, 353 S. Park, lowa 


Bs 
j 
He, 
i 
: 
ite 
4 


656 


City, Iowa: W. M. Furnish, Brian F. 
Glenister 

Harr, BARRY TURNER, Geology Dept., Indiana 
Univ., Bloomington, Ind.: John Utgaard, 
T. G. Perry 

HaArT, RICHARD Royce, 413 S. 2nd St. W., Mt. 
Vernon, lowa: W. M. Furnish, Brian F. 
Glenister 

HENNIGER, BERNARD ROBERT, 404 Front St. 
(Box 67), Lowell, Ohio: John J. Pope, Roy 
H. Reinhart 

HOLDEN, JOHN CLINTON, 5890 Kelton Ave., 
LaMesa, Calif.,; E. Dean Milow, M. N. 
Bramlette 

HORENSTEIN, SIDNEY S., 35-37 12 St., Long 
Island City 6, N. Y.: John Imbrie, Norman 
D. Newell 

Josern, Joseru F., I], 8 Water St., Stonington, 
Conn.: Larry Frankel, Norman D. Newell 

LEANZA, ARMANDO FEDERICO, Caseros 159, 
Haedo, Provincia de Buenos Aires, Argen- 
tina: Erik N. Kjellesvig-Waering, H. B. 
Whittington 

Dr. B., Paleontology and 
Stratigraphy Branch, U. S. Geological Sur- 
vey, Denver, Colo.: Reuben J. Ross, Jr., 
William A. Cobban 

MacurbDA, DONALD BRADFORD, JR., 
Geology, Univ., of Wisconsin, 
Wis.: L. M. Cline, L. R. Laudon 

MINSHEW, VELON H., Dept. of Geology, Univ. 
of Nebraska, Lincoln, Neb.: J. A. Fager- 
strom, T. M. Stout 

Mounpb, MIcHAEL CHARLES, Dept. of Geology, 
Indiana Univ., Bloomington, Ind.: T. G. 
Perry, John Utgaard 

PETERSEN, Morris Situ, Dept. Geology, Univ. 
of lowa, lowa City, lowa: Brian F. Glenis- 
ter, Gilbert J. Klapper 

RABCHEVSKY, GEORGE, 2801 Wisconsin Ave., 
N. W., Washington, D. C.: Allison R. 
Palmer, William A. Oliver, Jr. 

RicGs, Artuur, 234 Natural History 
Bldg., Univ. of Illinois, Urbana, IIL: 
William D. Sevon, William W. Hays 

ROLFE, Davin Jan, MCZ, Harvard 
Univ., Cambridge 38, Mass.: H. B. Whit- 
tington, B. Kummel 

RoweETT, CHARLES LLEWELLYN, 615 W. Boyd 
St., Norman, Okla.: Patrick K. Sutherland, 
Edward A. Frederickson 

Roy, Epwarp Cart, 520 Stinchcomb Dr., 
Columbus 2, Ohio: Walter C. Sweet, A. La- 
Rocque 

SCATTERDAY, JAMES WARE, 1764 Ridgecliff Dr., 
Columbus 21, Ohio: Walter C. Sweet, A. 
LaRocque 

SCHMIDT, WOLFGANG, KREFELD, Westwall 124, 
Geologisches Landesant, Germany: Samuel 
P. Ellison, Jr., Keith Young 

SENGUPTA, BARUN KuMAR, Dept. of Geology and 
Geophysics, Indian Inst. of Technology, 
Kharagpur, West Bengal, India: W. Storrs 
Cole, Leonard R. Fernow 

SORRWAR, MOHAMMED GHOLAM, Dept. of Geol- 


Dept. ot 
Madison, 


SOCIETY RECORDS AND ACTIVITIES 


ogy, Michigan State Univ., East Lansing, 
Mich.: David V. LeMone, Jane E. Smith 

STEINER, RICHARD JAMEs, 503 Ist St. W., Mt. 
Vernon, lowa: Brian F. Glenister, W. M. 
Furnish 

SykKES, DONALD 1309 12th St., Saska- 
toon, Saskatchewan: C. G. Winder, W. G. E. 
Caldwell 

lHOMpsSON, JON Louis, Route 2, Box 182-A, 
Gainesville, Fla.: H. K. Brooks, K. Norman 
Sachs, ie: 

lHoMs, RICHARD EpwIn, Dept. of Paleontology, 
Univ. of California, Berkeley 4, Calif.: 
Michael O. Woodburne, Gordon R. Horna- 
day 

Vozza, VINCENT JAMES, JR., 59 Garden St., 
Dumont, N. J.: Donald F. Squires, Norman 
D. Newell 

WALLER, THOMAS RICHARD, 


Dept. of Geol., 


Univ. of Wisconsin, Madison, Wis.: L. R 
Laudon, L. M. Cline 

1619 Brockton No. 3, Los 
P. Popenoe, N. G 


WARME, JOHN E., 
Angeles 25, Calif.: W. 
Lane 

WEGNER, KAREN, Buckland Hall, Mount Holy- 
oke College, S. Hadley, Mass: Anthony 
Reso, Karl M. Waage 

WILLiaMs, DonaLp Ray, 4502 N. Fresno St., 
Berkeley, Calif.: J. Wyatt Durham, Zack 
M. Arnold 

WILSON, JAMES STANLEY, 2821 Arizona St., 
Apt. C, Santa Monica, Calif.: L. E. Saul, 
W. P. Popenoe 

Wooperson, Lee ALLAN, Box 241, Route 1, 
Laramie, Wyo.: John Chronic, Donald W. 
Boyd 

Yoke, RayMonpd WILLIAM, Geology Dept., 
Univ. of British Columbia, Vancouver 8, 
B. C.: Darcy L. Scott, V. J. Okulitch 

ZIEGLER, WILLI, Krefeld, Westwall 124, W 
Germany: Samuel P. Ellison, Jr., Keith 
Young 


SUPPLEMENTARY LIST 


BAMBER, EDWARD Wayne, 217-B King St., 
Princeton, N. J.: Alfred G. Fischer, Donald 
Baird 

CANN, Ross SINCLAIR, 66 Montague St 
lyn 1, N. Y.: John Imbrie, 
Newell 

COLLINSON, JAMES WALLER, School of Mineral 
Sciences, Stanford, Calif.: Siemon W. Mul- 
ler, Myra Keen 

DOUGHERTY, ROBERT Epwarp, 5179 Sunset 
Blvd., Los Angeles 27, Calif.: Stanley S 
Beus, LouElla Saul 

EpIson, THOMAS ALVA, 867 Golden Gate Ave., 
San Francisco 2, Calif.: Warren S. Drugg, 
Benjamin H. Burma 

FirBy, JAMES RONALD, 
Lafayette, California: ] 
Robert F. Kaar 

GIBRON, JOHN GEORGE, 5Sk., 
Ave., Campbell, Calif.: ] 
Victor A. Zullo 

Houser, JAMES GarkesCHE, 195 E. 29th Ave., 


Brook- 
Norman 1). 


Blvd., 
Durham, 


3173 Stanley 
Wyatt 


89 No. Harrison 
Wyatt Durham, 


TS 
: 
wan 
"ey 


SOCIETY RECORDS AND ACTIVITIES 657 


Eugene, Ore.: Walter Youngquist, Ewart M. 
Baldwin 

KOENIG, JOAN ELizABEeTH, Box 761, Emory Br., 
Atlanta 22, Ga.: Howard R. Cramer, H. K. 
Brooks 

LANGE, ALAN ULricn, 103 N. Harvard, Ver- 
million, S. Dakota: Wayne A. Pettyjohn, 
Robert E. Stevenson 

MITCHELL, Epwarp D., JR., Vertebrate Paleon- 
tology, Los Angeles County Museum, Expo- 
sition Park, Los Angeles 7, Calif.,: W. P. 
Popenoe, LouElla Saul 

NASSICHUK, WALTER WILLIAM, 152 Gloucester 
St., Apt. 103, Ottawa, Ontario, Can.,: M. J. 
Copeland, Thomas E. Bolton 


Picov, Epwarp BEAUREGARD, JR., P. O. Box 


127, Metairie, La.: Rex M. Peterson, Rhys 
J. Davies 

Rick, EL1zABETH Rose, 51 Phillips St., Amherst, 
Mass.: Albert E. Wood, H. B. Whittington 

RoEN, JoHN BranptT, Dept. of Geology, Uni- 
versity of California, Los Angeles, Calif.: 
W. P. Popenoe, C. A. Nelson 

SEABROOK, JANET ELLEN ALICE, 85 Military Rd., 
St. Johns, Newfoundland: Richard David 
Hughes, C. G. Winder 

SHOKAL, GEORGE WILLIAM, 2125 Carmelita Dr., 
San Carlos, Calif: J. Wyatt Durham, Victor 
A. Zullo 

WittiaMs, THomas E tis, 3904 Lovers Lane, 
Dallas 25, Tex: Claude C. Albritton, Jr., 
Carl O. Dumbar. 


7 

: 

‘2 

ag 

i 
4 


4 

i 

4 
is 
“ 


McLEAN PALEONTOLOGICAL LABORATORY 


Card catalogues of fossils available by subscription, created on contract or by mutual 
agreement. Compilation and research facilities by contract. Training program for 
micropaleontologists offered. 


James D, McLean, Jr., Box 916, Alexandria, Virginia, U.S.A. 


Ex-British Government GEOLOGICAL INSTRUMENTS, ETC. 


LIQUID PRISMATIC COMPASS 


(SERVICE PATTERN MARK III) 


Precision pocket instrument engraved 0-360° in one di es a 
mother-of-pearl dial is in non-freezing liquid. “py 

nifying prism. Well-made case of 2 in. diameter. Net eight 11 a. 
Current cost approx. $36.40 

With Web Case. $i | 

Post and Packing 50 cents 


SIGHTING PLANE TABLE ALIDADES 


An extremely well-made instrument ot Phosphor Bronze fitted 
with ting vanes and parallel rule 

18 in. Net — 244 Ib. ye polished wood container, 

all in new condition. Fraction of cost. $5 

Post and Packing $1.75 


EX-M. M. 0.8. SURVEYING RANGEFINDERS 
000 yards. 


80 cm. Range 250- 
cost approx. $420.08. Short or tall 
tripod can be supplied as an extra. $34 


Freight Forward 
INDIAN CLINOMETERS 
ANY ITEM ON ' Base 9¥% in. Ministry release at frac- 
14 DAYS’ APPROVAL tion of cost. New end unused. With 


and Packing $1.75. $10.50 

and Packing $1.75 
' Post & Packing $1.60 


CHARLES FRANK LTD. 


SCOTLAND 


ESTABLISHED 1907 SEND FOR ILLUSTRATED CATALOGUE 


j 
j 
‘ 
‘ 
‘ 
¥ 
. 


A Late Cretaceous mammal from Dragon Canyon, Utah 
Recent literature on Mesozoic ammonites, continued 
Pleistocene bighorn sheep from the Great Basin .. Wm. Lee Stokes and Ken C. Condie 
Miocene Foraminifera from the Lajas Valley, southwest Puerto Rico ..W. A. Gordon 
The supposed Pliocene Pebas beds of the Upper Jurua River, Brazil 
George Gaylord Simpson 

The genera Microaulopora Kuntz, 1895, and Guembelina Kuntz, 1895, and the status 

of Guembelina Egger, 1899 Alfred R. Loeblich, Jr. and Helen Tappan 


PALEONTOLOGICAL NOTES 
Type specimens of North American Paleozoic Radiolaria 
William R, Riedel and Helen P. Foreman 


CORRECTION 
Note on some species of Ostracoda described by A. M. Norman, a correction 


578 

thes 580 

598 
610 

625 

4 

628 

e The lower dentition of Proterix loomisi Matthew? ................+.....J. R. Macdonald 632 ae 
: Additional note on ovoviviparous Turritella ....................Katherine V. W. Palmer 633 ie 
7 Recently described birds and mammals from Cuban caves ................Pierce Brodkorb 633 were 

ie SOCIETY RECORDS AND ACTIVITIES ‘ss 
Membership list of the Paleontological Society 640 


